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THE  COPPER  COMPLEXES  OF  AMINO-ACIDS, 
PEPTIDES  AND  PEPTONES.' 

firbt  paper. 

By  p.  a.  KOBER  and  K.  SUGIURA. 

{From  the  Harriman  Research  LaboreUory,  Roosevelt  Hospital,  New  York 

City.) 

(Received  for  publication,  August  8, 1912.) 
INTRODUCTION. 

That  proteins  and  their  constituents  combine  with  heavy  metals 
to  form  "complexes"  has  been  known  for  some  time.  Among 
these  copper  has  received  the  most  attention  and  considerable 
work  has  been  done  on  the  copper  complexes  of  amino-acids;  they 
have  been  isolated,*  analyzed  and  studied  by  chemical  and  physi- 
cal methods.  On  the  other  hand  the  complexes  of  peptides  and 
p>eptones  have  received  only  a  superficial  and  quaUtative  study. 
This  is  not  due  to  the  unimportance  of  peptide  copper  salts,  for 
the  behavior  of  peptide  and  peptone  copper  salts  on  treatment 
with  an  excess  of  alkali  has  been  and  is  yet  the  most  rehable  test 
known  for  protein-like  substances.  The  real  reason  for  this  lack 
of  investigation  is,  without  doubt,  due  first  to  the  difficulty  of  ob- 
taining peptides  and  peptones  pure,  and  second  to  the  fact  that 
the  copper  salts  of  these  substances  are  not  easily  crystalUzed. 
It  is  our  beUef  that  a  quantitative  study  of  these  copper  salts'  will 
throw  some  light  on  the  constitution  of  proteins  and  it  is  therefore 
our  intention  to  continue  from  time  to  time  our  efforts  in  this  field. 

In  a  previous  preliminary  communication*  one  of  us  showed  a 

*  Read  before  the  Section  on  Organic  Chemistry,  International  Con- 
gress of  Applied  Chemistry,  New  York,  Sept.,  1912. 

*  Ley:  Zeitschr.  f.  Electrochem.,  xi,  p.  954;  Schifif:  Ann,  d.  Chem.,  xliii, 
p.  123;  Bruin:  Chem.  ZerUralblatt,  p.  824,.  1904;  Ley  and  Krafft:  Ber.  d. 
detUsch.  chem.  Gesellsch,,  xl,  p.  697,  1907;  Fischer:  Uniersuchungen  uber 
AmirM}'Sduren,  Polypeptide  und  Proteine^    1906. 

'  The  term  copper  salt,  used  here  and  throughout  the  paper,  has  refer- 
ence to  a  true  salt,  i.e.j  the  product  of  the  action  of  amino-acids  and  pro- 
tein-like substances  in  general  on  cupric  hydroxide,  oxide  or  carbonate. 

*  Kober:  this  Journal;  x,  p.  9,  1911. 
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striking  ^B&rence  between  the  saks  of  andna-acids  oo  the  ime 
liand,  and  the  ffaltj«  of  peptides  and  peptones  od  the  other.  As 
stated  in  the  previous  paper,  "the  copper  salts  ci  the  amino- 
adds  in  alkaline  s<rfutions,  (  ,  .  .  .  contrary  to  statanoits 
in  scientific  literature,)  particularly  on  wanning  or  on  boiling, 
precipitate  coppo*  as  the  hydroxide,  quantitattveiy.  Peptides 
and  pq>tones,  on  the  other  hand,  give  very  little  or  no  hydroxide 
under  the  same  conditions." 

Hie  explanation  of  this  important  difference  may  possibly  be 
due  to  one  or  more  of  the  f<^owing  reascms:  (1)  A  marked  differ- 
ence in  the  constitution  of  these  salts;  (2)  A  change  of  constitution 
brought  about  by  the  excess  alkali;  (3)  A  change  in  the  form  or 
condition  of  the  copper  due  to  the  presence  of  the  protdn>like  sub- 
stances, e.g.f  *' colloidal  copper."^ 

The  fact  that  peptides  do  not  form  copper  salts  strictly  in  accord- 
ance with  the  number  of  free  carboxyl  groups,*  as  do  most  of  the 
amino-acids,  favors  the  theory  of  a  difference  in  the  constitution 
as  the  cause  of  their  abnormal  behavior  on  treatment  with  excess 
alkali.  The  fact  that  most  copper  salts  of  peptides  and  peptones 
change  color  on  treatment  with  alkali,  giving  the  so-called  ''biuret 
color/'  indicates  that  a  change  of  structure  in  these  peptides  takes 
place;  on  adding  excess  alkali.  The  fact  that  a  similar  phenomenon 
deHcribed  by  Paal  and  Leuze^  was  explained  as  a  "colloidal  pro- 
ceH«"  gives  a  certain  degree  of  plausibility  to  the  third  reason. 
Ah  will  be  seen,  the  data  given  in  the  latter  part  of  this  paper  sup- 
port the  first  two  explanations,  while  not  many  facts  support  the 
third." 

Ah  Leuchs,^  conjunctively  with  Manasse  and  La  Forge,  has  con- 
siderable experimental  basis  for  considering  that  carbethoxyl- 
glycyl-glycine  ester  and  allied  compounds  have  two  forms,  the 
lactim  and  the  lactam,  we  believed  at  first  that  the  lactim  form 
wan  the  chief  cause  for  the  copper  not  precipitating  in  alkaline 
Hohitions,  behaving  in  this  respect  like  other  hydroxy-acids,  such 

•  Paal  and  Leuze :  Ber.  d.  deutsch.  chem.  Geselhch. ,  xxxix,  p.  1545. 

•  Fischer:  Untersuchungen  Hber  Amino-sduren,  Polypeptide  und  Pro- 
Uine,  1906,  p.  50. 

^  Loc.  cit. 

■  Copper  Baits  in  weak  alkaline  solutions  dialyze,  but  when  the  alkali 
JK  Mtrong,  they  combine  with  the  membrane  and  cause  difficulties. 

•  Her.  d.  deutsch.  chem.  Geselhch.,  xl,  p.  3235;  xli,  p.  2.586. 
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as  lactic,  tartaric,  etc.;  but  owing  to  the  lack  of  spectrographic 
data  we  cannot  say  whether  this  really  plays  a  part  or  not. 

As  part  of  our  results  are  at  variance  with  some  obtained  pre- 
viously by  other  investigators,  our  technique  and  results  will  be 
described  and  discussed  before  data  are  weighed  in  support  of 
any  theory. 

TECHNIQUE. 

Fischer,^^  Abderhalden,^^  and  others  prepared  the  copper  salts 
of  amino-acids,  peptides  and  peptones  by  boiling  with  cupric 
oxide.  We  foimd  that  they  were  formed  best  at  a  low  temperature, 
with  cupric  hydroxide,  preferably  in  an  ice  mixture.  Since  some 
heat  of  neutralization  makes  the  process  an  exothermal  one,  it  is 
not  unexpected  that  the  reaction  will  be  complete  at  a  low  temper- 
ature. A  further  objection  to  boiling  lies  in  the  fact  that  a  few 
of  these  salts  have  a  slight  tendency  to  hydrolyze.  Where  a  reac- 
tion can  be  brought  about  at  a  freezing  temperature  the  danger 
of  decomposing  imstable  peptides  is  obviously  reduced  to  a  mini- 
mum. 

The  form  of  the  copper  hydroxide  is  very  important  as  on  stand- 
ing it  is  dehydrated  with  the  formation  of  cupric  oxide.  That 
cupric  oxide  is  slower  in  its  reaction  with  these  peptides  can  readily 
be  seen  from  the  constitution  of  the  copper  salts.^ 

The  best  conditions  for  forming  these  copper  salts  quantitatively 
are  as  follows: 

a.  For  soluble  substances. 

For  every  0.1  gram  of  amino-acid  or  peptide  5  cc.  of  5  per  cent  cupric 
chloride  solution  are  diluted  to  150  or  200  cc.  with  ice-cold  distilled  water 
and  neutralized  with  alkali.  This  can  be  done  most  suitably  by  mixing 
100  grams  of  fine  ice  with  5  cc.  of  5  per  cent  cupric  chloride  solution  and  100 
cc.  of  distilled  water  and  neutralizing  with  ^  alkali,  using  phenolphthalein 
as  an  indicator.  The  neutralized  mixture  is  then  filtered,  the  ice  being 
placed  on  the  filter  also  in  order  to  keep  the  precipitated  cupric  hydroxide 
cool.  The  hydroxide  is  washed  once  or  twice  with  cold  distilled  water  on 
the  filter  paper,  removed  with  the  ice  to  the  cooled  10-20  cc.  solution  of  the 
amino-acid  or  peptide  and  stirred  for  from  five  to  ten  minutes. 

On  filtering  off  the  excess  cupric  hydroxide  and  washing  thoroughly,  the 
solution  will  contain  the  copper  salts  of  all  the  substances.  As  a  rule, 
the  solutions  require  boiling,  to  decompose  the  very  appreciable  amount 

!•*  Fischer:  loc.  cit, 

"  Abderhalden:  Ber.  d.  deutsch.  chem.  Gesellsch.,  xxxx,  p.  2746. 

^*  Amer.  Chem.  Journ.,  Nov.,  1912. 
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of  carbamino  salts  that  are  formed  with  COs  of  the  air,  and  this  may  be 
done  before  filtering.  To  ascertain  the  amoimt  of  copper  hydroxide  dis- 
solved, the  copper  salt  may  be  titrated  directly  (with  0.04  n  NajSiOj)  by 
adding  5-10  cc.  of  glacial  acetic  acid  and  2-4  grams  KI.  The  amount  of 
carbamino  salts  formed  is  increased  by  the  presence  of  sodium  chloride, 
whereas  alcohol,  on  the  contrary,  hinders  their  formation. 

b.  For  insoluble  substances  with  slightly  soluble  copper  salts. 

If  the  amino-acid  or  peptide  is  insoluble,  10-20  cc.  of  y^  ammonia  are 
added  to  the  sample  and  it  is  stirred  until  dissolved.  If  necessary  the 
mixture  may  be  heated  to  hasten  solution.  After  cooling  the  solution  in 
an  ice  mixture,  cold  cupric  hydroxide,  made  as  above,  is  added  and  stirred 
for  from  five  to  ten  minutes;  150  cc.  of  water  are  then  added  and  the  solu- 
tion filtered  after  thorough  shaking.  The  precipitate  is  washed  well  with 
hot  water  and  the  filtrate  and  wash  waters  are  concentrated.  The  amount 
of  copper  hydroxide  dissolved  may  be  titrated  iodimetrically  in  the  usual 
way.  Controls  on  this  method,  using  copper  hydroxide  and  20  cc.  of  -^ 
ammonia,  gave  only  0.0003  to  0.0005  gram  of  copper  oxide  in  the  filtrate. 

c.  For  insoluble  substaruces  with  quite  insoliAle  copper  salts. 

Where  the  copper  salt  crystallizes  out  and  is  filtered  off  with  the  excess 
copper  hydroxide,  it  is  necessary  to  separate  the  two  precipitates. 

Very  satisfactory  reagents  for  this  purpose  are  the  bicarbonates  of 
sodium  and  potassium.  Using  10  and  20  per  cent  solutions  of  KHCO»  we 
have  obtained  the  results  given  below  on  leucine,  tryptophane,  cystine, 
amino-n-caproic  acid  and  phenylglycine. 

The  amino  substance  is  treated  as  in  6,  but  the  excess  copper  hydroxide, 
mixed  with  the  insoluble  copper  salt,  is  then  treated  with  20  cc.  of  20  per 
cent  KHCOi  and  washed  with  small  lots  of  10  per  cent  KHCOs  until  the 
filtrate  shows  only  traces  of  copper.  To  determine  directly  the  amount 
of  copper  hydroxide  dissolved,  the  final  residue  of  copper  salt  is  then  trans- 
ferred with  the  filter  paper  to  the  first  filtrate  and  after  being  dissolved  in 
dilute  hydrochloric"  acid  is  titrated  as  before. 

On  page  13  under  experimental  notes  we  give  a  few  experiments 
on  the  solubility  of  these  ''insoluble''  copper  salts  in  various  con- 
centrations of  potassium  bicarbonate.  In  the  near  future  we  hope 
to  give  the  details  of  more  experiments  along  these  lines,  especially 
on  the  determination  of  amino-acids  in  the  presence  of  polypeptides. 

Boiling  directly  with  copper  hydroxide  or  oxide  will  result  without 
doubt  in  the  incomplete  formation  of  copper  salts;  this  fact  helps 
to  explain  the  unexpected  results  obtained  by  Abderhalden  and 
Hirsch  on  d-alanyW-leucyl-isoleucine  and  its  glycyl  derivatives 
(see  page  7). 

"  As  large  amounts  of  potassium  acetate  retard  the  iodimetric  titrations 
of  copper,  we  neutralize  with  pure  HCl. 
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SUMMARY  OF  DATA. 

Amino-acid  copper  salts. 

The  results  with  our  technique  on  a  amino-acids  confirm  the 
analyses  made  by  previous  investigators  of  isolated  copper  salts, 
which  have  without  exception  the  general  formula  CuA2,  where 
A  represents  one  molecule  of  monobasic  a-amino-acid. 

A  few  examples  will  suffice: 


Monobasic  amino-acids. 


SUBSTANCES 


z 

O 

< 

< 

» 

a. 

u 
o 

Q 

O 
X 

a 


O 

u 


51  s 


Q 
ZZ 

< 


Glycine a 

Alanine a 

Aminobutyiic  acid b 

Active  valine a 

Leucine c 

Normal  aminocaproic  acid  c 

Isoleucine a 

Active  proline a 

Phenylalanine b 

Phenylglycine c 

Tyrosine j  b 

Tryptophane* I  b 

Asparagine b 

Sarcosine  hydrochloride  t. .  a 

Lysine  picratet a 

Arginine  dinitrate '  a 

Histidine  dihydrochlor- 
ide§ a 


grama 

0.1015 

0.1019 

0  1022 

0.0944 

0.1010 

0.1003 

0  1014 

0.1018 

0.1001 

0.1011 

0.1027 

0  1022 

0.1005 

0.1002 

0.1006 

0.1010 


H 

< 

5  O  H 

»»  „  OS 

w  w   *• 

^  op  O 


grama 

0.0000 
0.0000 
0.0004 
0.0015 
0.0054 
0.0002 
0.0011 
0.0078 
0.0000 
0.0000 
0.0007 
0.0000 
0.0005 
0.0021 
0.0006 
0.0011 


i  S5  O 
A.  2 


^ 


S5 


S5      A  1^ 


a 


n 


grariM 

0.0536 
0.0453 
0.0403 
0.0301 
0.0361 
0.0315 
0.0307 
0.0269 
0.0244 
0.0280 
0.0263 
0.0183 
0.0308 
0.0299 
0.0097 
0.0121 


»^  O  a! 


grama 
0.0538 

0.0455 

0.0395 

0.0321 

0.0307 

0  0305 

0  0308 

00352 

0.0242 

0.0266 

0.0226 

0  0199 

0.0303 

0.0315 

0.0107 

0  0134 


ta  •< 

u  o 

as 
OH 

as 

^  H 


percent 

99.6 

99.6 
102.0 

93.8 
102.6 
105.7 
103  2 

98.6 
100.8 
105.3 
116  4 

92.0 
101.7 
101.6 

96.3 

98.5 


0.1000      0.0161  ,    0  0005      0.0175      94.9 

1  I 


*If  more  than  0.1  snun  tryptophane  Is  tised,  method  c  must  be  added  to  this  technique. 

tAll.  add  Mdts,  such  as  hydrochlorides,  nitrates,  etc.,  are  neutralised  with  ^  alkali,  using 
phenolphthaleln  as  an  indicator,  before  treating  with  copper  hydroxide  as  in  method  a. 

lOor  thanks  are  due  to  Dr.  Levene  of  the  Rockefeller  Institute  for  furnishing  us  with 
Isoleueiae,  arginine  and  lysine. 

{Histidine  forms  a  complex  salt,  as  do  the  other  monobasic  amino-acids,  and  on  treatment 
with  excess  alkali,  changes  its  color  but  little.  Only  on  boiling  the  color  changes  towards  a 
biuret.  It  is  not  a  clear  color,  but  smoky,  and  makes  the  solution  look  very  dark.  Character- 
istic Ifl  the  deep  red  color  to  which  the  alkaline  solution  turns  on  the  addition  of  acid.  We 
expect  to  make  this  a  basis  for  the  colorimetric  qualitative  and  quantitative  estimation  of.. 
hlstJdlne. 


6  Peptide  Copper  Complexes 

With  other  amino-acids,  whose  NH2  group  is  in  the  /3-position, 
Fischer  found  the  formula  to  be  CuA2,  where  A  is  monobasic  amino- 
acid,  except  (as  in  the  case  of  isoserine)  when  an  oxy  group  is  in  the 
a-position,  where  the  formula  is  CuA. 

We  have  obtained  the  same  results  with  isoserine,"  using  the 
technique  a: 


Miffs    M 


s 


o 

< 


SUBSTANCE 


H 

m 

g 
g 

o 
S 


s» 


o 

n 

a 
< 


**  »*  p 


5*5 


C 

o 


9R0 


n> 


00 


Isoserine 
Isoserine 


(^am«  gram«      >      gronu 

0.1010 

0.1009      0.0299      0.0499 


9 


n  o 
o 

<  3  A, 

s5i 


1=^ 

5 
o 

O 
•J 


o 

H 
B 
H 

h 
O 

H 
O 

«< 


grams 

0.0807 
0.0798 


0.0765 
0.0764 


105.5 
104.5 


According  to  Fischer,"  when  the  amino  group  is  in  the  7-,  5-,  or 
€-position  (regardless  of  an  hydroxy  group  in  the  a  position)  no 
copper  salts  are  formed. 

Our  results  confirm  the  previous  figures  on  dibasic  salts  having 
a  general  formula  CuA,  where  A  is  a  dibasic  acid,  such  as  aspartic, 
glutaminic,  cystinic,  etc. 

Dibasic  amino-acids.  , 


SUB8TANC11 


o 

t 

PS 

o 

o 
o 


Cystine c 

Aspartic  acid* o 

Glutaminic  acid* a 


grams 

0.1008 
0.0997 
0.1025 


•Before  bolUng  the  aolutlona  of  copper  aaJta  are  diluted  to  150  cc.  wItFwater. 


M  O 


3 
g 

o 

M 


grams 

0.0000 
0.0009 
0.0004 


grams 

0.0331 
0.0579 
0.0518 


grams 
0.0334 

0.0596 

0.0554 


n 

68 


percent 

99.1 
98.6 
94  9 


»*  Made  according  to  Fischer's  directions  from  epichlorhydrin.    Ber.  d. 
deuUch,  chem.  Geaellsch,^  xxxv,  p.  3787. 

"E.  Fischer  and  L.  Zemplen:  Ber.  d.  deiUsch.  chem.  Gesellsch.,  xlii,  p. 

4888,  1909. 
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« 

Polypeptide  copper  salts. 

Out  of  a  hundred  or  more  polypeptides,  Fischer,  Abderhalden 
and  their  collaborators  have  analyzed  only  about  eight  of  the  poly- 
peptide copper  salts;  and  these,  with  three  exceptions  (nos.  VI, 
VII  and  VIII)  were  insoluble  and  crystallized  out.  In  such  cases 
there  can  be  no  doubt  as  to  the  purity  of  the  product  and  the  results 
are  confirmed  by  our  work  on  the  more  soluble  copper  peptides. 
These  cases  are  as  follows: 

I.  (Leucyl-glycinecopper)20  +  H20^^   or   (C8Hib03N2Cu)2 
O  +  H,0. 

Fischer  concluded  that  one  molecule  of  copper  hydroxide  com- 
bined with  one  molecule  of  leucyl-glycine  and  that  two  molecules 
of  the  copper-leucyl-glycine  are  connected  by  an  oxygen  atom. 
Although  we  have  found  one  molecule  of  copper  hydroxide  to  one 
of  leucyl-glycine,  we  do  not  believe  that  an  oxygen  atom  connects 
two  molecules  of  copper-leucyl-glycine.  We  have  determined  the 
molecular  weight  of  this  salt  by  the  cryroscopic  method,  and  find 
it  to  have  a  molecular  weight  consistent  with  the  formula  leucyl- 
glydne-Cu; 

II.  (Phenyl-glycine-glycine)icopper,^^  CioHioNaOjCu. 

III.  (Z-Leucyl-Wiistidine)icopper,^*  Ci2Hi80«N4Cu. 

IV.  (AlanyW-tryptophane)iCopper,^'  CiJIibNsOjCu. 
V.  (i-Prolyl-i-phenylalanine)iCopper,2o 

Ci4HieN203Cu  +  SiHiO, 
VI.  (d-AlanyW-leucyl-i8oleucine)2Copper,*^  (Ci6H2704N8)2Cu. 
Vn.  (GlycyW-alanyl-Weucyl-isoleucine)2Copper,^2 

(peptide)2Cu. 
Vin.  (Tri-glycyl-glycine)2Copper,"   (tetrapeptide)2Cu. 
Out  of  the  large  number  of  peptide  copper  salts  examined  by 
Fischer,  Abderhalden  and  ourselves,  the  last  three  form  an  appar- 
ent exception  to  the  rule.    There  are  good  reasons  to  believe  that 

*•  Fischer:  Ann,  d,  Chem.f  cccxl,  p.  145. 
*'  Fischer:  ibid,,  p.  195, 

>•  Fischer  and  L.  H.  Cone:  ibid,,  ccclxiii,  p.  107. 

^*  Abderhalden  and  M.  Kempe:  Ber.  d,  deutsch,  chem,  Gesellsch.,  xl, 
p.    2737. 

"  Fischer:  ibid,,  xlii,  p.  4752. 

*^  Abderhalden  and  Hirsch:  ibid.^  xliii,  p.  2439. 

"  Ibid, 

*•  Curtius:  ibid,,  xxxvii,  p.  1294. 
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Peptide  Copper  Complexes 


the  formulas  given  for  VI,  VII  and  VIII  do  not  represent  true 
copper  salts,  as  the  methods  used  in  each  case  are  no  guarantee  of 
the  complete  formation  of  the  salts. 

Using  the  technique  described  above,  we  have  formed  the  copper 
salts  of  the  following  peptides,  and  have  found  the  results  to  be 
consistent  with  the  formula,  (peptide),iCuj. 

Dipeptides. 


Sl'MSTANCK 


< 
ac 

o 

X 

o 


I 

o 
ca 

o 
< 

H 


,  grams 

Glycyl-glycine 0  112a 

Glycyl-alanine 0 .  1006 

Glycyl-d-alanine tO  101 1 

Glycyl-aminobutyric 

acid 0.1007 

Glycyl- valine 0.1012 

Glycyl-d- valine p.  1015 

Glycyl -leucine 0.  lOOSi 

Glycyl-Meucine b .  1006 

Glycyl-amino -n- cap-  | 

roic  acid |0. 09631 

Glycyl-asparaginc |0. 10281 

Glycyl-phenylglycine .  JO.  1021, 
Glycyl-d-phenylgly  cineO .  1022' 

Glycyl-tyrosine |0.0545| 

Glycyl-tryptophane 0. 1016| 

Alanyl-glycine 0. 1007 

i-Alanyl-glycine lo.  lOOo 

d-Alanyl-df-alanine !0.  lOOli 

Aminobuteryl-glycine .  .0 .  lOlC 

Valyl-glycine b  1005, 

Leucyl-glycine b.0901| 

Leucyl-leucine jO.  1006, 

Z-Leucyl-d-leucine i0.1004; 

d-Leucyl-/-leucine |0.1011i 

d-Leucyl-d-leucine 0. 1007, 

Amino-n-caproic  -  gly-  ' 

cine |0.0664 

Leucyl-asparagine 0.1004! 


"ft 

H  ^ 
*•  «.  K 


granu 

0  0536 
0  0501  I 
0.0524  ! 

0  0437  ; 

0  0400  ; 

0  0390  ' 
0  0380  ! 
0.0370  i 

0.0377  j 

0.0397 

0.0355 

0.0358 

0.0142 

0.0257 

0,0516 

0.0496 

0.0465 

0.0467 

0  0410 

0.0344 

0.0288 

0.0266 

0.0268 

0.0294 

0.0257 
0.0205 


H        H 

firs'* 
«  9L 

C  M.^  o 


grams 


0  0030 
0  0062 
00059 
0.0022 
0.0036 

0.0014 
0  0031 
0.0030 
0  0010 
0.0043 
0.0010 
0.0032 
0.0054 
0  0041 
00045 
0  0059 
0.0041 
0.0014 
0.0021 
0  0003 
0.0013 

0.0015 
0  0010 


r 


u 

"< 


grams 


0.0070  I  0.0606 
0.0049  I  .0.0550 
0.0006   0.0530 


0.0467 
0.0462 
0.0449 
0.0402 
0.0406 

0.0391 
0.0428 
0.0385 
0.0368 
0.0186 
0.0267 
0  0548 
0.0550 
0  0506 
0.0512 
0.0469 
0.0385 
0.0302 
0.0287 
0.0271 
0  3007 


n 
o 


o 

H 
H 

D  B 
^& 

So- 
Sog 

a     ^ 


> 


< 


k 

H 
% 


< 

H 

OB 
O 

w 

og 


(rram«      I  per  cent 

0.0616  98.4 
0.0548  100.4 
0.0550   96.5 


0.0500 
0.0462 
0.0464 
0.0425 
0.0425 

0.0407 

0.0433 

0.0390 

0.0391 

0.0181 

0.0310 

0.0548 

0.0547 

0.0497 

0.0502 

0.0459 

0.0381 

0.0328 

0.0327 

0.0330* 

0.0328 


93.4 
100.0 
96.8 
94.6 
95.5 

96.1 

98.8 

98.7 

94.1 

102.2 

86.1 

100.0 

100.5 

101.8 

102.0 

102.2 

101.0 

92.1 

87.8 

82.1 

93.6 


0.0272   0.0281   96.8 
0  0215  1  0.0326   66.0 
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Tri  peptides.-* 


SUBSTANCE 


H 

Si 

< 
to 

h 
O 

& 

2 


Z 
o 


<        K 
HCO  as 

OaOgoS^c 


h  ^  A 

2  •* 

>5  S5   „ 


o 
o 


I    so    • 

<  o 

H 

e$  o 

Eg 


I 


gramt     grams  ,  ^rams     grama 


He 

>i  U  '' 

^  ^  B< 

C  "  -< 

g,'?  5    i   O  M  M 
SO  H    I     D  B>  B* 

H 


^  I  < 

>«    U    r\ 


o 


• 

I- 
«  o 

?! 

c 
^  a 


Glycyl-glycyl-glycine 0.1003p.  03700. 0006|0. 0376  0.04221  87.^ 

Glycyl-glycyl-alanine b.  1021  p. 0356*0. 0064 0.042o|o. 0400  89.0 

Glycyl-glycyl  -  aminobutyric 

acid 10. lOUjO. 03820. 00060. 038810. 0371 103.0 

Glycyl-glycyl-vaUne 0.051 60. 0155b. 0005 0.0160 0.0178,  87.1 

Glycyl-glycyl-leucine 0.1010,0. 0279b. 00440. 0323 0.0328i  86.4 

Glycyl-glycyW-leucine. ..'....  0.102ob. 0287b. 0024 0.031 10. 0331 !  86.7 
Glycyl-c^alanyl-d-alanine. . . .  0. 0536b. 0144|o. 0001 0.01450. 0192 j  75.0 

Glycyl-leucyl-glycine 0.1013b. 02930. 0004 0.0297 0.0329  88.5 

Alanyl-glycyl-g^ycine b  09870. 0254b. 0031  ;0.0285|o. 0387  65.6 


d-Alanyl-glycyl-g^ycine 
Alanyl-leucyl-glycine . . 


0 .  04920 .  0168  0 .  0014:0 .  0182|0 .  0193 
0.1012:0.02740.00370.03110.0311 


Valyl-glycyl-glycine. 

Leucyl-glycyl-glycine 

i-Leucyl-glycyl-glycine 

WiCucyl-glycyl-d-alanine . . 

Leucyl-alanyl-glycine 

Leucyl-alanyl-alanine 

i-Leucyl-d-alanyl-d-alanine 
Amino-n-caproyl-glycyl- 
glycine 


grams  \  per  cent  percent 

89.1 
105.0 


Amino-buteryl-glycyl-gly cine  0 .  101 1 0 .  0350'0 .  0028  0 .  03780 .  0371 ,  94 . 3 


87.0 
88.1 


0.10230.02880.00270.03150.0352 
0 .  10130 .  0283b .  00570 .  0340J0 .  0329 
0.10110.02840.00430.03270.0328 
0.05690.01610.00080.01690.0175 
0. 10020.0289b. 0040b.03290.0308 
O.lOnb. 0272:0. 00500. 0322b. 0296 


81.8 
86.1 
86.6 
92.0 
93.8 
91.9 


0.1014^.02620.00330.02950.0295!  88.8 


104.6 

89.9 

98.5 

94.0 

75.5 

903 

73.6 

94  3 

100.0 

101.9 

89.5 

103.3 

99.7 

96.6 

106.8 

108.8 

100.0 


0.10030.03040.00350.03390.0325' 93.5   104.3 


"  The  majority  of  the  peptides  used  in  this  study  were  prepared  or 
collected  by  the  late  Dr.  Arthur  H.  Koelker.  A  small  number  (four  dipep- 
tides  and  three  tripeptides)  were  made  according  to  Fischer^s  directions, 
by  Dr.  H.  Hager  and  ourselves,  in  this  laboratory.  Glycyl-tryptophane 
was  obtained  in  very  pure  crystalline  form  through  the  kindness  of  Kalle 
and  Co. 
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Tetrapeptides. 


0.10080.02670.00170.02840.0308 


H 

< 
a 

o 

& 

o 

m 


grams 


Alanyl-diglycyl-glycine 

Aminobuteryl-diglycyl-glyc- 

ine 

Leucyl-diglycyl-glycine* 

n-Amino-caproyl-diglycyl- 

glycine |0. 101 7|0. 020210. 000510. 0207|0. 0268 


ffrcmt 


grama 


0.10500.02600.00370.02976.0305 
0.10080. 0239b.00300.02600.0265 


grama 


granu 


par  cent 

86.7 

85.2 
90.2 

75.4 


percent 

92  2 

94.1 
101.5 

77.2 


*  Fllt^r^d  without  boiling  to  deoompoee  oarbamlno  aaita. 


Using  our  same  technique  it  was  of  interest  to  see  the  amount  of 
copper  hydroxide  dissolved  by  peptones. 


•UBITANCB 


"Roche"  peptone. . 

"Ereptone" 

*' Merck"  peptone.. 
"Witters"  peptone. 
''Witte's"  peptone. 


Peptones,  etc. 

SHJb 

MM 

Bos 

P 

§8- 

i 

_  "  h 

0 

m 

► 

^ 

grama 

grama 

0.1110 

0.0302 

0.1005 

0.0064 

0.1020 

0.0044 

0.1025 

0.0041 

0.1046 

0.0042 

g^S 


grama 

0.0173 
0.0133 
0.0002 
0.0000 
0.0000 


m 


■J 
O 

ai 


186 

406 

1765 

1990 

1982 


*Thto  oakulatlon  It  based  on  the  aaeumptlon  that  one  mcdeoule  of  peptone,  aa  In  the  caee  of 
the  peptldba.  combined  with  only  one  molecule  of  copper  hydroxide. 

The  results  on  the  peptides  show  unmistakably  that  one  molecule 
of  peptide,  whatever  number  of  amino-acids  it  may  contain,  com- 
bines with  only  one  molecule  of  copper  hydroxide.    This  interest- 
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ing  fact  will  no  doubt  give  us  an  easy  method  of  determining  the 
molecular  weights  of  peptides,  provided  the  copper  salts  can  be 
separated  from  the  excess  copper  hydroxide. 

The  questions  that  remain  to  be  solved,  namely,  how  are  these 
copper  salts  formed  and  what  is  their  structure,  will  be  taken  up 
in  a  separate  paper,**  in  conjunction  with  the  biuret  configuration. 

SUMMARY. 

l..We  have  developed  a  technique  for  making,  quantitatively, 
copi>er  salts  of  (a)  soluble  amino-acids  and  peptides;  (b)  insoluble 
amino-acids  having  soluble  copper  salts;  (c)  insoluble  amino-acids 
having  insoluble  copper  salts. 

2.  We  have  formed  copper  salts  of  twenty-six  dipeptides,  twenty 
trix>eptides  and  four  tetrapeptides,  quantitatively,  in  solution,  and 
have  found  the  results  to  be  consistent  with  the  formula,  (pep- 
tide) iCu.  This  supports  the  work  of  Fischer  and  Abderhalden  on 
five  isolated  salts. 

3.  We  have  found:  (a)  That  on  an  average  99  per  cent  of  the 
copper  of  all  amino-acid  salts  (except  that  of  histidine)  is  precipi- 
tated as  oxide  when  treated  with  a  certain  excess  of  alkali.^ 

(6)  That  on  an  average  6.4  per  cent  of  the  copper  of  dipeptide 
8^ts  is  precipitated  as  oxide  with  the  same  excess  of  alkali. 

(c)  That  on  an  average  6.3  per  cent  of  the  copper  of  tripeptide*^ 
salts  is  precipitated  as  oxide  with  the  same  excess  of  alkali. 

(d)  That  on  an  average  7.3  per  cent  of  the  copper  of  tetra- 
peptide  salts  is  precipitated  as  oxide  with  the  same  excess  of  alkali. 

Our  thanks  are  due  to  Dr.  Wm.  G.  Lyle  for  his  encouragement 
in  this  work,  and  for  placing  at  our  disposal  the  excellent  collection 
of  peptides  and  amino-acids  belonging  to  the  late  Dr.  A.  H.  Koelker, 
and  to  Miss  Calm  M.  Hoke  for  much  assistance  in  preparing  this 
article  for  publication. 

^  Amer,  Chem,  Journ.,  Nov.,  1912. 

*  Using  3-6  cc.  n  C02-free  NaOH  for  every  0.1  gram  substance  and 
boiling. 

*^  Assuming  all  the  substances  to  be  perfectly  pure,  which  of  course  they 
are  not.  It  is  probable  that  perfectly  pure  tri-  and  tetra-peptides  will 
not  precipitate  any  of  the  copper  of  their  salts  under  the  conditions  given 
above.  We  are  convinced  that  impurities  will  account  for  most  of  the 
precipitation. 
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Peptide  Copper  Complexes 


EXPERIMENTAL  NOTES. 
a.  Copper  oxide  as  a  reagenL 

In  our  first  work  on  copper  salts  we  used  black  copper  oxide  obtained  in 
the  open  market  as  a  reagent,  but  found  that  with  peptides  it  reacted  too 
slowly.  Then  we  tried  the  commercial  basic  carbonate,  and  found  it  more 
useful,  but  not  quite  satisfactory.  Freshly  prepared  copper  hydroxide^  how^ 
ever,  toas  found  not  only  efficient  but  almost  instantaneous  in  its  reaction  at 
0°C,  The  amount  of  surface  is,  of  course,  a  factor  in  the  reaction,  and 
therefore  a  gelatinous  precipitate  is,  other  things  being  equal,  preferable 
to  a  coarse  granular  precipitate.  « 

As  Fischer  and  Abderhalden  used  suspended  copper  oxide  in  making 
their  salts,  it  was  necessary  to  investigate  the  relative  efficiency  of  this 
reagent  on  various  amino-acids  and  peptides  when  boiled. 

The  following  table  gives  the  results  with  freshly  made  copper  hydroxide 
and  freshly  made  copper  oxide  suspensions  on  boiling.  The  latter  were  made 
by  allowing  a  suspension  of  the  hydroxide  to  stand  several  da3r8  in  the 
laboratory,  during  which  time  it  changed  its  color  from  blue  to  almost  black. 


SUBSTANCE 


Glycine 

Glycine 

-Alanine 

Alanine 

Alanyl-glycine 

Alanyl-glycine 

Leucyl-glycine 

Leucyl-glycine 

Alanyl-leucyl-glycine  — 
Alanyl-leucyl-glycinc  — 
Glycyl-leucyl-glycinc  — 
Glycyl-leucyl-glycine  — 
Alanyl-di-glycy  1-gly  cine . 
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p.  A.  Kober  and  K.  Sugiura 
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These  results  show  that  boilicg,  while  suitable  for  amino-acids  and 
dipeptides,  cannot  be  used  with  tri-  and  tetra-peptides,  and  will  easily 
account  for  the  abnormal  results  obtained  by  Abderhalden  and  Hirsch.** 

h.  Bicarbonatea  o*  solvents  for  copper  hydroxide. 

When  cystine,  tryptophane,  leucine  and  other  amino-acids,  whose  copper 
salt^  are  insoluble,  are  treated  as  in  method  c  (see  p.  4),  the  copper  salts 
are  found  almost  wholly *•  in  the  precipitate,  mixed  with  the  excess  copper 
hydroxide. 

In  order  to  show  the  effect  of  different  concentrations  of  the  bicarbonate 
on  the  solubility  of  copper  hydroxide  and  the  "insoluble"  copper  salts,  the 
following  preliminary  experiments  were  made. 

Pure  copper  salts  of  the  amino-acids  were  made  as  described  under  c 
and  a  small  portion  (sufficient  to  leave  a  slight  excess  undissolved)  was 
stirred  constantly  for  five  minutes  in  25  cc.  of  5  per  cent,  10  per  cent  and  20 
per  cent  potassimn  bicarbonate;  controls  were  made  on  25  cc.  of  distilled 
water." 
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"  Loc,  cit. 

'•  When  less  than  0.1  gram  of  tryptophane  is  used,  the  copper  salt 
remains  in  a  supersaturated  condition  in  the  filtrate  and  later  crystallizes 
out. 

•*  Only  one  concentration  of  sodium  bicarbonate  was  used;  the  potas- 
sium bicarbonate,  on  account  of  its  greater  solubility,  is  preferable. 
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(Received  for  publication,  August  7,  1912.) 

The  distinctive  feature  of  phlorhizin  diabetes  in  contrast  with 
other  types  is  the  significant  diminution  in  the  blood  sugar  content. 
The  mechanism  by  which  this  condition  of  hypoglycaemia  is  estab- 
lished has  been  explained  by  a  variety  of  theories,  none  of  which, 
however,  has  received  universal  acceptance.  Of  the  numerous 
views^  that  have  been  promulgated  two  have  received  considerable 
attention.  It  was  the  opinion  of  v.  Mering*  that  the  drug  creates 
an  increased  permeability  of  the  kidney  for  sugar,  thus  leading  to 
the  passage  of  blood  sugar  into  the  urine.  To  meet  this  drain 
upK)n  the  sugar  of  the  blood  an  augmented  activity  of  the  blood 
sugar  regulating  mechanism  is  supposed  to  be  set  up  whereby  new 
sugar  is  formed  in  the  body  from  some  antecedent  substance,  pre- 
sumably protein.  If  this  explanation  is  correct  one  might  fairly 
assume  that  extirpation  or  ligation  of  the  kidneys  in  phlorhizin 
diabetes  by  preventing  a  renal  loss  of  sugar  would  result  in  a  restor- 
ation of  sugar  to  its  normal  percentage  in  the  blood.  Minkowski's* 
experiments  tend  to  support  this  position  although,  as  Levene^ 
pointed  out,  Minkowski  obtained  an  increase  of  sugar  in  the  blood 
beyond  the  normal  after  extirpation  of  the  kidneys,  which  theoreti- 
cally should  not  result  if  phlorhizin  merely  has  a  specific  influence 
upK>n  the  kidney  and  does  not  act  upon  some  other  mechanism. 

*  For  a  discussion  of  the  problem,  cf.  Macleod:  Recent  Advances  in  Physi- 
ology and  Bio-Chemistry,  Edited  by  Leonard  Hill,  1906. 

'  v.  Mering:  Verhandl,  d.  5te  Congresses  /.  inn.  Med.,  1886,  p.  185. 
'  Minkowski:  Arch.  /.  exp.  Path.  u.  Pharm.,  xxxi,  p.  85,  1893, 

*  Levene:  Journ.  of  Physiol.,  xvii,  p.  259,  1894-5. 
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1 6  Mechanism  of  Phlorfaizin  Diabetes 

A  iKfiOod  Tiev  of  ttw  nanxre  of  phlorfnim  diabetes,  wlikfa  was 
stdr^rtxuA  hy  Pavr  and  oChefs.^  <fiffefs  fron  the  first  primarily 
in  aMtiUng  to  the  Iddner  the  paver  of  prodmei»§  sqgv.  Under 
th^  mfhienee  of  phloihizm  the  ceib  of  the  renal  toboles  are  sopp^ 
to  exert  a  eataboGzing  aetioQ  upon  aomething  rparhmg  them  from 
the  blood,  nmHtint;  in  the  liberation  of  dextrose  in  a  mmner  com- 
parable to  that  br  which  lactose  is  set  free  by  the  cells  of  the  mam- 
mary i^and. 

That  the  conditions  existing  in  pancreatic  and  phlorfaizin  dia- 
b^rtes  are  similar  in  many  respects  is  weD  recognized.  Thos  in 
the  starving  dog  the  D:N  ratios  obtained  in  the  two  experim^itai 
^ftates  are  somewhat  alike.  3Ioreover,  it  is  generally  conceded 
that  in  phlorfaizin  diabetes  as  well  as  in  the  condition  induced  by 
remrival  of  the  pancreas  the  ability  of  the  organism  to  utilize  dex- 
trose may  be  somewhat  diminished.  The  distinguishing  diffo^ence 
l^etween  these  two  abmnmal  states  is  found  in  the  lowered  Mood 
sugar  content  in  phlorfaizin  diabetes  and  tfae  exist^ice  of  fayper- 
glyeaemia  in  pancreatic  diabetes. 

Although  ntmoerous  investigations  have  been  carried  through 
roneeming  the  relation  of  ligation  or  ablation  of  the  kidneys  to 
phlorhizin  diabetes  a  review  of  the  literature  fails  to  reveal  an 
experiment  of  this  nature  with  animals  in  total  diabetes,  that  is, 
with  a  D:N  ratio  of  approximately  3.65.  In  the  work  of  Minkow- 
ski comparison  has  been  made  of  the  blood  sugar  content  of  dogs 
both  in  phlorfaizin  and  pancreatic  diabetes  after  kidney  removal. 
He  found  that  in  pancreatic  diabetes  hyperglycaemia  was  in  evi- 
dence whereas  the  blood  sugar  content  rose  little,  if  at  all,  above 
the  normal  in  phlorfaizin  diabetes.  It  appears  to  the  writer,  how- 
fvor,  that  the  conditions  existing  in  the  two  experimental  states 
were  too  dissimilar  for  strict  comparison.  In  pancreatic  diabetes 
a  contitanl  influence  is  at  work  for  one  may  reasonably  assiune  that 
extirpation  of  the  pancreas  either  initiates  a  stimulus  for,  or  removes 
an  inhibition  from,  the  sugar  regulating  mechanism.  In  phlor- 
hizin  diabetes,  on  the  other  hand,  to  produce  a  similar  constant 
r(»8ponse  on  the  part  of  the  body  the  animal  organism  must  be 
continually  supplied  with  the  necessary  quantity  of  the  drug. 
Exf)reH8ed  in  other  words,  previous  experiments  have  been  per- 

*  Pavy,  Brodic  and  Siau:  Journ.  of  Physiol.,  xxix,  p.  467,  1903. 
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formed  with  animals  in  unlike  states;  in  pancreatic  diabetes,  a 
constant  stimulus  has  been  present,  while  little  or  no  attempt  has 
been  made  to  imitate  comparable  conditions  in  phlorhizin  diabetes. 
The  production  and  maintenance  of  a  D:N  ratio  of  3.66  would 
appear  to  satisfy  the  condition  of  a  constant  stimulus.  Ablation 
or  ligation  of  the  kidneys  under  these  circumstances  would  perhaps 
constitute  an  experiment  with  conditions  more  strictly  comparar 
ble  with  those  obtaining  in  pancreatic  diabetes  than  is  true  for 
many  of  the  previous  investigations.  Hitherto,  for  the  most  part, 
little  or  no  attention  has  been  devoted  to  the  question  of  phlorhizin 
dosage  or  to  the  period  of  time  which  phlorhizin  might  reasonably 
be  expected  to  exert  an  influence  upon  the  percentage  of  sugar  in 
the  blood.  At  present  it  is  well  recognized  that  the  glycosuric 
influence  of  a  single  injection  of  phlorhizin  persists,  in  dogs  at  least, 
for  a  few  hours  only.  Yet  there  are  records  of  experiments  of  the 
type  under  discussion  demonstrating  the  possibility  that  sufficient 
time  had  elapsed  since  the  last  phlorhizin  injection  for  restoration 
of  blood  sugar  content  by  utilization  of  an  excess  in  the  blood,  pro- 
vided a  high  percentage  of  sugar  in  the  blood  had  been  temporarily 
established. 

The  object  of  the  present  investigation  has  been  a  study  of  the 
changes  in  blood  sugar  content  of  animals  in  phlorhizin  diabetes 
after  ligation  of  the  kidneys  or  suppression  of  the  renal  secretory 
function.  Two  types  of  experiments  were  planned.  In  the  one, 
dogs  have  been  brought  into  a  condition  of  total  diabetes  with 
phlorhizin.  The  kidneys  were  then  Ugatiu*ed  twice,  one  ligature 
being  placed  around  the  ureters  and  the  blood  vessels,  another 
designed  to  include  any  collateral  vascular  branches.  The  exper- 
iments were  so  planned  that  the  operation  was  performed  upon 
the  kidneys  shortly  after  the  morning  administration  of  phlorhizin, 
and  a  second  injection  of  the  drug  was  given  as  usual  eight  hours 
subsequent  to  the  first.  Blood  was  analyzed  for  total  soUds  and 
dextrose  content  just  previous  to  the  operation  and  at  intervals 
subsequent  to  ligature  of  the  renal  organs. 

In  the  other  iyi>e  of  experiment  the  function  of  the  kidney  as  an 
excretory  organ  was  practically  abolished  in  fasting  phlorhizinized 
rabbits  by  the  subcutaneous  administration  of  sodimn  tartrate.* 

•Cf.  Underbill:  this  Joumalf  xii,  p.  115,  1912. 
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i8  Mechanism  of  Phlorhizin  Diabetes 

In  this  instance  the  blood  supply  to  the  kidneys  was  presumably 
uninterrupted  whereas  the  escape  of  sugar  from  the  blood  was  pre- 
vented by  the  changed  character  of  the  tubular  epithelium.  The 
establishment  of  such  a  condition  has  been  found  to  occur  after 
tartrate  injections  and  has  been  recorded  in  a  previous  paper. 
Blood  analyses  were  made  only  after  removal  of  the  kidney  function ; 
for  experience  relative  to  the  blood  sugar  content  of  both  normal 
fasting  rabbits  and  phlorhizinized  rabbits  made  unessential  the 
preliminary  determination  of  the  blood  sugar  content.  By  omis- 
sion of  the  estimation  of  blood  sugar  content  before  abolition  of 
the  kidney  function  the  well-known  influence  of  the  removal  of  a 
relatively  large  quantity  of  blood  upon  the  percentage  of  sugar  in 
the  blood  was  obviated. 

The  double  ligation  of  the  kidneys  in  dogs  practically  amounted 
to  extirpation  of  these  organs  and  hence  was  equivalent  to  the 
non-participation  of  the  kidneys  in  the  sequence  of  phenomena 
following  the  operation.  In  the  case  of  rabbits,  however,  the 
circulation  through  the  kidneys  was  presumably  more  or  less  intact 
although  the  secreting  mechanism  was  abolished.^  Any  influence 
exerted  by  phlorhizin  upon  the  renal  organs  in  the  last  mentioned 
instance,  such  as  proditclion  of  sugar,  would  therefore  be  possible 
through  the  channel  of  the  circulation.  If  the  kidney  is  specifically 
responsible  for  the  blood  sugar  phenomena  exhibited  in  phlorhizin 
diabetes  the  results  obtained  from  examination  of  the  blood  sugar 
content  under  the  two  conditions  just  outlined  should  theoretically 
at  least  be  totally  unlike.  Ligation  of  the  kidneys  might  be  ex- 
pected under  the  experimental  conditions  to  maintain  the  con- 
dition of  hypoglycaemia  or  at  most  to  allow  blood  sugar  content 
to  become  normal.  If  the  kidneys  actually  produce  sugar  from 
some  antecedent  in  the  blood,  as  suggested  by  Pavy,  the  blood 
sugar  content  might  be  assumed  to  increase  even  above  the  normal 
by  reabsorption  in  the  absence  of  free  secretion,  provided  it  is 
granted  that  in  the  nephritis  induced  sufiicient  normal  renal  cells 
are  present  to  accomplish  such  a  task.  On  the  contrary,  if  the 
renal  cells  after  tartrate  injection  are  totally  incapacitated  from 
producing  sugar  under  the  influence  of  phlorhizin,  that  is,  prac- 
tically every  cell  has  lost  its  function — a  condition  which  is  most 

'  Underbill:  loc.  cit. 
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unlikely — ^then  the  blood  sugar  should  behave  in  the.  manner  in- 
dicated for  ligation  of  the  kidney,  that  is,  the  sugar  in  the  blood 
should  not  increase  above  the  normal.  It  has  been  found  that 
in  general  toith  both  types  of  experiments  blood  sugar  content  rose 
above  the  normal. 

For  the  establishment  of  hyperglycaemia  imder  either  of  the 
two  methods  outlined,  various  explanations  may  be  offered.  In 
the  first  place  it  may  be  assimied  that  phlorhizin  acts  specifically 
upon  the  kidney  rendering  this  organ  more  permeable  for  sugar, 
as  suggested  by  v.  Mering,  and  in  its  attempt  to  maintain  blood 
sugar  content  normal  the  blood  sugar  regulating  mechanism  is 
thrown  somewhat  out  of  adjustment,  the  inhibition  is  removed  or 
in  a  manner  similar  to  antibody  production  there  is  a  compensatory 
hyperfunction  and,  in  the  event  of  the  removal  of  the  kidney  func- 
tion, sugar  increases  in  the  blood  until  hyperglycaemia  obtains. 
In  the  case  of  rabbits,  from  the  standpoint  of  Pavy's  suggestion, 
hyperglycaemia  could  be  induced  by  production  of  sugar  in  the 
kidney  and  reabsorption  into  the  blood.  Finally,  hyperglycaemia 
may  be  explained  equally  well  on  the  assumption  that  phlorhizin 
has  a  two-fold  action:  (a)  an  influence  upon  the  kidney,  resulting 
in  augmented  permeability  for  blood  sugar  and  (b)  a  specific  activ- 
ity upon  some  other  mechanism  whereby  the  organism  continually 
produces  new  sugar  which  it  throws  into  the  blood  stream.  The 
latter  action  might  be,  however,  less  pronounced  than  the  former; 
hence,  under  ordinary  conditions  hypoglycaemia  is  found  asso- 
ciated with  phlorhizin  diabetes.  The  evidence  adduced  below 
points  in  this  direction. 

Methods:  Throughout  this  investigation  the  experimental 
animals  were  maintained  in  a  state  of  inanition  but  water  was 
freely  given.  With  dogs  total  phlorhizin  diabetes  was  established 
according  to  the  procedure  reconmiended  by  Lusk.^  For  the  oper- 
ations, which  were  performed  under  aseptic  conditions,  anaesthesia 
-was  produced  by  ether  only.  After  ligation  of  the  kidneys  no 
anaesthetic  was  necessary  for  withdrawal  of  blood  samples  from  a 
femoral  artery.  Post-mortem  examinations  demonstrated  in 
each  case  the  complete  ligation  of  the  kidneys.  No  attempt  was 
made  in  the  experiments  with  rabbits  to  establish  a  fixed  D:N 

•  Lusk:  Amer,  Joum,  of  Physiol.,  xxii.  p.  16.^,  1908. 
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ratiOf  the  lurimab  recaring  ao  injcctioa  of  0L25  gram  phkrhixm 
sobcatADeoudy  oooe  daily.  Tartrate  injectioiis  were  mlso  given 
sobctitaiieoaslj.  Blood  sugar  was  esdmated  by  the  method  com- 
monly employed  in  this  laboratory.*  Total  solids  of  the  blood 
were  determmed  m  the  usual  manner.  Glycog^  m  the  hver  was 
estimated  according  to  the  procedore  of  PflOger.^ 

The  influence  cf  ligaUon  nff  the  kidneys  upon  the  blood  sugar  conient 

cf  dogs  in  pUorkizin 


From  the  data  presented  in  taUes  1  and  2  several  points  of  inter- 
est are  indicated.  In  the  first  place  it  is  apparent  that  the  D:N 
ratio  of  3.65  for  fasting  dogs  established  by  Lusk  was  readily 
reached  and  that  in  this  conditicm  hypoglycaemia  is  in  evidence. 

TABLE  L 

Experiment  7,  Dog  X.    Bitch  of  9J>  kilos  received  three  time*  daily  subcw- 

ianeoue  injection  of  i  grams  phlorhiein. 


UBXjrs 

BLOOD 

DATS 

ion 

Total 
Volume  Nltro- 

Dex- 
troae 

Total 
Solkb 

Dez- 
trase 

BKM*«»» 

ee.        fram» 

ifmm* 

per  eenl 

per  ceni 

r 

De<;ember 

, 

1 

Urine  was  not  collected  un- 
til second  day  of  phlorhi- 
nn  administration. 

19 

600    9.45 

36.60 

D  :N  =3.76. 

20 

620  10  20 

36.52 

p 

D  :N  =  3.58. 

21 

17  76  0  0e2 

t 

1 

1 

Blood  drawn  j  ust  before  liga- 
tion of  kidneys. 

It. 00  m.  Kidneys  ligated 
four  hours  after  first  daily 
phlorhizin  injection, 

S.OO  p.m.  2  grams  phlor- 
hizin as  usual. 

1 

16.30 

0.172  eM  p.m.    Six  hours  after 

1 

t 

ligation  of  kidneys. 
8.00  p.m.  Animal  dead.  The 

;      1 

1 

liver  was  glycogen  free. 

•Underhill:  this  Journal,  i,  p.  113,  1905-06. 
>•  Pfltiger:  Arch.  /.  d.  ges.  Physiol,  cxi,  p.  307,  1906. 
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The  most  noteworthy  result  of  the  experiments,  however,  is  shown 
by  the  change  in  the  blood  sugar  content  of  the  blood  after  ligation 
of  the  kidneys.  It  will  be  observed  in  both  experiments  that  after 
ligation  of  the  kidneys  in  dogs  maintained  in  total  phlorhizin  diabetes 
the  percentage  of  sugar  in  the  blood  rises  above  the  normal,  although 
the  hyperglycaemia  was  much  more  marked  in  one  case  than  in 
the  other.  Accompan3dng  this  hyx)erglycaemia  is  a  significant 
diminution  in  the  percentage  of  total  solids  of  the  blood  or,  viewed 
from  the  opposite  standpoint,  an  increase  in  the  water  content. 
If  this  fact  is  taken  into  consideration  one  may  reasonably  assume 
that  the  blood  sugar  content  in  relation  to  the  other  solids  was 
actually  increased  to  an  extent  even  greater  than  the  percentage 
figures  indicate. 

Comparison  of  these  figures  for  blood  sugar  content  with  those 
for  instance  of  Minkowski  obtained  in  pancreatic  diabetes  after 


TABLE  2. 


Experiment  S,  Dog  Y.    Bitch  of  11.6  kilos  received  three  times  daily  subcuta-. 

neotis  injection  of  B  grams  phlorhizin. 


DATm 

1911 


I>ecember 


19 
20 
21 


T7SINB 


Volume 


Total 

Nltfo- 

cen 


ce. 


grams 


560 
610 


10.53 
10.14 


Dex- 
trose 


BLOOD 


TotAl 
Solids 


Dex- 
trose 


BBMARK6 


grama 

per  cent 

40.00 

35.87 

22  45 

21.70 

21  70 

• 

0.087 


0  276 


0  306 


'Urine  was  not  collected  un- 
til second  day  of  phlor- 
hizin administration. 

D  :  N  =  3.79. 

D  :  N  =  3.53. 

Blood  drawn  just  before 
kidney  ligation. 

lO.SO  a.m.  Kidneys  ligated 
B.6  hours  after  first  daily 
phlorhizin  injection. 

3.00  p.m.  2.0  grams  phlor- 
hizin as  usual. 

S.OO  p.m.  7.5  hours  after 
ligation  of  kidneys. 

11.00  p.m.  12.5  hours  after 
ligation  of  kidneys. 

Animal  bled  to  death.  The 
liver  was  glycogen-f ree. 
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Iddneyextirpatioii,  reveals  the  inteTesting  fact  that  in  both  instances 
the  type  of  response  to  the  given  stimohis  is  similar;  for  in  each 
case  there  is  a  hyperglycaemia.  It  must  be  admitted,  however, 
that  in  pancreatic  diabetes  the  degree  of  hypefi^caonia  is  much 
more  marked  than  in  the  condition  induced  by  phlorhixin.  It  is 
also  of  significance  that  in  our  experiments  the  liver  failed  to  reveal 
a  trace  of  ^ycogen  in  the  one  hundred  grams  of  tissue  employed 
for  analysis. 

The  results  of  these  experiments  justify  the  suggestion  that  in 
phlorhizin  diabetes  there  may  be  two  types  of  action.  In  the 
first  place,  there  is  exerted  an  influence  upon  the  kidney  whereby 
this  organ  becomes  more  permeable  for  blood  sugar  and  secondly, 
there  is  evidence  of  the  stimulation  of  another  structiu^  or  mechan- 
ism that  functions  by  producing  sugar  or  perhaps  by  dimiuishing 
sugar  destruction. 

The  behavior  of  the  blood  sugar  content  in  phlorhizinized  rabbits  after 
suppression  of  kidney  secretion  by  means  of  sodium  tartrate. 

In  tables  3  to  8  inclusive  may  be  found  data  concerning  the 
percentage  of  sugar  in  the  blood  of  phlorhizinized  rabbits  after 
suppression  of  kidney  secretion  by  means  of  subcutaneous  injec- 
tiojis  of  sodium  tartrate.  Inspection  of  these  data  will  clearly 
demonstrate  an  increased  blood  sugar  content  in  most  of  the  experi- 
ments after  exclusion  of  the  kidney  secretion  even  though  these 
animals  were  not  in  a  condition  of  total  diabetes.  It  is  apparent 
therefore  that  in  the  rabbit,  at  least,  a  condition  of  total  diabetes 
is  not  essential  for  the  production  of  hyperglycaemia  after  suppres- 
sion of  the  kidney  function. 

The  observations  recorded  here  do  not  exclude  the  possibility 
of  the  production  and  reabsorption  of  sugar  by  the  kidneys  as 
outlined  by  Pavy.  However,  in  view  of  the  fact  that  the  type  of 
response  in  this  case  coincides  exactly  with  that  observed  for  dogs 
where  the  kidneys  were  practically  removed,  it  is  probable  that 
the  mechanism  in  the  two  cases  is  similar  for  there  is  no  obvious 
reason  to  assume  that  the  character  of  reaction  is  different  in  the 
two  species  of  animals.  If  our  conception  is  correct,  then  it  is 
obvious  that  sugar  production  and  reabsorption  by  the  kidney 
can  play  only  an  insignificant  r61e  at  most,  since  in  the  case  of 
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TABLE  3. 

Sjpperiment  /,*  Rabbit  G,    Female  rabbit  of  $400  grams  received  daily  «m6- 

cutaneoua  injection  of  0,26  gram  phlorhizin. 


REMARKS 


0.98 
0.072 


3 
4 


3 
0 


0.007 


trace 


18  11 


0.12 


Would  not  drink  water. 
Would  not  drink  water. 

Animal  drank  80  cc.  water. 

Subcutaneous  injection  of  1.0 
gram   tartaric  acidj   neu- 
tralized with  Na%Cott  dis- 
solved in  20  cc,  water. 
Drank  60  cc.  water. 

Drank  30  cc.  water. 

Blood  drawn  5  hours  after 
last  phlorhizin  injection. 
The  liver  was  glycogen 
free. 


TABLE  4. 

Sxperim/ent  2,  Rabbit  H.    Male  rabbit  of  2600  grams  received  daily  subcu- 
taneous injections  of  0JS6  gram  phlorhizin. 


n  An 

URXNB 

BLOOD 

1911 

Volume 

Total 

Nltro- 

Cen 

Dex- 
trose 

Total 
Solids 

Dex- 
trose 

percent 

ee. 

granu 

gramB 

per  cent 

November 
29 

100 

0.56 

2.30 

30 

90 

1.31 

2.57 

j^^ccmoer 
1 

no 

1.26 

1.73 

2 

5 

0.018 

0.015 

3 

30 

0.066 

0.068 

4 

20 

trace 

16.61 

0.18 

REMARKS 


No  water  intake. 
No  water  intake. 

Water  intake  =  100  cc. 

Subcutaneous  injection  of  1,6 
grams  tartaric  acid  neu- 
tralized with  NoiCoit  dis- 
solved in  SO  cc.  water. 

Water  intake  =  60  cc.  ' 

Blood  drawn  5  hours  after 
last  phlorhizin  injection. 
The  liver  contained  0.36 
gram  glycogen. 
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TABLES. 

Experiment  S,  Rabbit  I.   Female  rabbit  of  iSOO  grama  received  daily  subcu 

taneous  injection  of  OM  gram  phlorhizin. 


DATK 

VBIKB 

BLOOD 

1911 

Volume 
oe. 

Total 
Nitro- 
gen 

DeK- 
troee 

fram* 

Total 
Solids 

per  o»nt 

Dez- 
troee 

percent 

RBMABU 

gram$ 

December 

1 

5 

100 

2.88 

4.03  1 

Water  intake  =  40    cc. 

6 

200 

1.73 

3.45 

Water  intake  =  125  cc. 

7 

90 

1.84 

1.40 

Water  intake  =  50    cc. 

8 

10 

0.075 

0.076 

Subcutaneous  injection  of  9,0 

1 
1 

grams  tartaric  addy  neu- 

tralized with  NatCoiy  dis^ 

solved  in  SO  cc.  water. 

9 

0 

180 

021 

Water    intake  =  150    cc. 
Blood    drawn    2.5    hours 
after  last  phlorhizin  in- 

1 

jection.    The   liver   con- 

■ 

tained  0.41   gram  glyco- 

1                 1 

gen. 

TABLE  6. 


Experiment  4^  Rabbit  J.    Female  rabbit  of  S800  grams  received  daily  subcu^ 

taneoits  injection  of  0,$S  gram  phlorhizin. 


DATS 

1911 


December 


URDTB 


Total 
Volumej  Nitro- 
gen 


oe. 


grame 


5 

250 

6 

175 

7 

125 

8 

10 

9 

0 

BLOOD 


Total 
SoUdB 


Dox- 

troae 


RBMABEB 


per  cent  per  cent 


18.70 


0.16 


Water  intake  =  170  cc. 

Water  intake  =    80  cc. 

Water  intake  =    90  cc. 

Subcutaneous  injection  of  t,0 
grams  tartaric  add,  neu- 
iralized  with  NatCot,  dis- 
solved in  SO  cc,  water. 

Water  intake  =  240  cc. 
Blood  drawn  2.5  hours 
after  last  phlorhizin  in- 
jection. The  liver  con- 
tained 0.60  gram  glyco- 
gen. 
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dogs  the  blood  sugar  content  increased  above  the  normal  after 
practical  extirpation  of  the  kidneys.  It  is  difficult  to  comprehend 
how  extensive  kidney  secretory  activity  could  be  alleged  in  the 
rabbit  experiments  carried  through  in  the  manner  described.  It 
is  evident  therefore  that  under  the  experimental  conditions  here 
outlined  little  support  can  be  derived  in  favor  of  tlje  view  advanced 
by  Pavy.  On  the  other  hand,  in  view  of  the  new  facts  furnished 
by  the  present  investigation  the  conception  of  v.  Mering  with 
respect  to  the  nature  of  the  mechanism  of  phlorhizin  diabetes  has 
been  supplemented  and  extended. 


TABLE  7. 


Experiment  5,  Rabbit  K,    Female  rabbit  of  BdOO  grama  received  daily  attbcu- 

taneous  injection  phlorhizin. 


VKINX 


DATS 

1911 


V<rfume 


December 
11 


12 


13 


ec. 


85 


100 


Total 
Nitro- 
gen 


BLOOD 


granu 
1.13 

1.35 


10    0.015 


14 


0 


Dez-     Total      Dex- 
trose     Solids     troee 


grama    per  cent  per  cent 


2.40 


1.58 


0.008 


18  65 


020 


BCMAAKS 


Water  intake  =  25  cc.  In- 
jected 0.25  gram  phlor- 
hizin. 

Water  intake  ■«  70  cc.  In- 
jected 0.25  gm.  phlorhi- 
zin. 

Sxibcutaneoua  injection  of  t.O 
grams  tartaric  acid^  neu- 
tralized with  NatCotj  dis- 
solved in  15  cc.  water,  in- 
jected 1.0  GRAM  PHLOR- 
HIZIN. Water  intake  = 
ld5  cc. 

Blood  drawn  3.5  hours  after 
injection  of  1.0  gram 
phlorhizin.  The  liver  was 
glycogen  free. 
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TABLES. 

Experiment  tf,  Rabbit  L.    Female  rabbit  of  $800  grams  received  daily  svbcu- 

taneous  injection  of  phlorhizin. 


T7BIKB  BLOOD 

DATS  I  —     _ 

J»"             VI          5?*^'  '  Dex-     Total      Dex- 

Volume  M^  ^^^     ^^^     {^ 


RBIIARKS 


ee.  gram*  gronu    per*cent  ptr  cent 

December 

11  120  1.71  3.30 

12  120  2  21  2.01 


Water  intake  =  50  cc. 
Water  intake.  =  50  cc. 


13  2        0  0  Subcutancotis  injection  of  S.O 

grams  tartaric  acid,  neu- 
tralized with  Na^Cott  dis- 
solved  in  tO  cc,  water,  in- 
jected 1.0  GRAM  PHLOR- 
HIZIN. Water  intake  = 
150  cc. 

14  0  16  70  0  25       Blood  drawn  4  hours  aft- 

er injection   of   1.0  gram 
phlorhizin.    The  liver  was 
I  glycogen  free. 


SUMMAHT. 

The  mechanism  of  phlorhizin  diabetes  has  been  subjected  to 
investigation  after  the  removal  of  the  renal  secretory  function  by 

(a)  ligation  of  the  renal  structures  in  the  dog  and  (b)  abolition 
of  kidney  secretion  through  subcutaneous  administration  of  sodium 
tartrate  to  rabbits. 

In  both  conditions  a  significant  hyperglycaemia  may  be  in  evidence. 
With  dogs  this  is  accompanied  by  a  decrease  in  the  proportion  of 
solids  in  the  blood,  that  is,  the  water  content  is  increased. 

The  data  presented  lead  to  the  suggestion  that  phlorhizin  may 
possess  a  two-fold  action  (a)  an  influence  is  exerted  upon  the  kidney 
whereby  this  organ  becomes  more  permeable  for  blood  sugar  and 

(b)  an  action  upon  other  structures  resulting  in  the  production 
of  sugar  in  quantities  sufficient  to  cause  hyperglycaemia  if  the 
kidney  function  is  removed. 
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I.    INTRODUCTION. 

The  discussion  in  the  last  paper  of  this  series  noted  the  fact 
that,  whereas  Magnus-Levy  found  an  increase  of  20  per  cent  in 
the  metabolism  of  a  dog  during  the  hours  following  carbohydrate 
ingestion;  Rubner's  work  showed  an  increase  of  but  6.8  per  cent 

*  The  urinary  analyses  of  Dog  II  were  accomplished  by  Miss  Mary 
B.   Wbhart. 
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during  a  twenty-four-hour  period  foUowing  the  ingestion  of  cane- 
sugar  in  such  quantity  as  to  furnish  energy  sufficient  to  provide 
for  the  daily  necessities. 

Heihier*  rei>eated  Rubner's  experiments,  using  dextrose  instead 
of  cane-sugar  and  found  an  increase  in  the  heat  production  equal 
to  4  per  cent  in  twenty-four  hours.  The  animal  here  employed 
was  kept,  as  in  Rubner's  experiments,  at  an  environmental  temper- 
ature of  33°.  This  work  seemed  to  justi  y  Rubner's  conclusion 
that  carbohydrate  is  a  material  which  may  simply  replace  an 
isodynamic  quantity  of  fat  in  metabolism,  without  materially 
altering  the  heat  production. 

Zuntz'  has  criticised  Heilner's  results  on  the  ground  that  the 
respiratory  quotient  was  not  determined,  and  therefore  the  true 
conditions  were  not  accurately  portrayed.  In  Zuntz's  opinion 
the  metabolism  was  really  higher  than  Heilner  calculated. 

The  respiration  calorimeter  has  been  used  in  the  following  series 
of  experiments  to  throw  additional  light  upon  this  problem. 

II.    EXPERIMENTAL    PART.  • 

Experiments  were  made  upon  Dog  I  but  still  more  extensive 
work  was  accomplished  with  Dog  II.  The  dogs  were  both  kept 
at  an  environmental  temperature  of  between  26*^  and  27°  when 
within  the  calorimeter.  The  urine  was  always  free  from  sugar. 
Other  details  of  the  procedure  are  given  in  the  last  paper. 

A,  ResiUls  of  the  ingestion  of  dextrose  by  Dog  L 

In  the  previous  paper  it  was  demonstrated  that  the  minimal 
basal  metaboUsm  of  Dog  I  during  a  morning  hour  the  day  after 
meat  had  been  given  at  noon  was  22.3  calories. 

Table  I  of  the  Appendix  presents  the  metabolism  of  this  dog 
during  the  second,  third,  fourth  aid  fifth  hours  after  the  ingestion 
of  103  grams  of  dextrose  which  was  taken  with  400  cc.  of  water. 
Twenty-four  hours  before  this,  the  dog  had  received  200  grains 
of  rice.  The  calculated  metabolism  rose  from  a  base  level  of  89 
calories  for  four  hours  to  115,  a  difference  of  26  calories  or  6.5  per 

'Heilner:  Zeitschr.  /.  Biol.,  I,  p.  488. 

'  Zuntz :  Naturwissenachafiliche  Rundschau^  xxi,  No.  38,  1906. 
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hour.  This  represents  an  increase  of  20  per  cent.  Since  103  grams 
of  dextrose  contain  396  calories  and  cause  an  increase  in  metabolism 
equal  to  26  calories,  it  follows  that  100  calories  in  dextrose  would 
cause  an  increase  of  6.6  calories.  The  non-protein  respiratory 
quotients  were  1.02,  0.99,  0.99  and  0.98  in  the  successive  hours, 
indicating  dominant  carbohydrate  oxidation. 

Of  114.56  calories  produced  by  the  animal  as  calculated  from 
the  products  of  excretion  and  the  oxygen  absorption  110.05  calories 
were  measured  by  the  calorimeter.  The  difference  is  to  be  attrib- 
uted to  the  greater  proportional  warming  of  the  skin  than  of  the 
rectal  region,  which,  in  the  last  paper,  was  shown  to  occur  in  this 
dog  after  the  ingestion  of  100  grams  of  dextrose.  The  urine  of 
the  period  was  free  from  sugar. 

This  experiment  demonstrated  without  doubt  a  large  rise  in  the 
heat  production  following  the  ingestion  of  dextrose  by  a  dog.  The 
respiratory  quotients  indicate  that  this  increased  metabolism 
could  not  have  been  due  to  the  process  of  converting  dextrose  into 
fat. 

This  completes  the  record  of  work  to  be  published  with  regard 
to  Dog  I. 

B,  The  bdscd  metabolism  of  Dog  IL 

A  variety  of  problems  were  investigated  upon  Dog  II.  The 
animal  was  maintained  in  good  condition  and  nearly  constant 
weight  from  November  24,  1911  to  May  3,  1912,  upon  a  daily 
diet  consisting  of  100  grams  of  biscuit  meal,  100  grams  of  chopped  • 
beef  heart  meat,  20  grams  of  fat  and  10  grams  of  bone  ash,  con- 
taining together  5.25  grams  of  nitrogen  and  700  calories.  The  diet 
was  mixed  with  water  and  given  to  the  animal  at  6.00  p.m.  The 
basal  metabolism  was  determined  on  the  day  after  the  food  inges- 
tion usually  between  the  hours  of  1.00  p.m.  and  4.00  p.m.  If  this 
action  of  a  substance  were  to  badetermined,  it  was  fed  to  the  dog 
at  noon  and  the  metabolism  determined  from  1.00  p.m.  to  4.00 
p.m.  or  later.  If  50  grams  of  sugar  were  given  at  this  time,  50 
grams  of  biscuit  meal  were  deducted  from  the  evening  ration. 

The  basal  metabolism  was  found  to  be  the  following  on  the  var- 
ious dates  mentioned. 
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CALORIES 


DATE 


BXFBBniBNT 
NUMBER 


December   2,  1911 
January  9,  1912. . . 


January  22,  1912. 


January  26,  1912. 


January  30,  1912. 


February  5,  1912. 


April  22,  1912. 


10 
13 


18 


21 


51 


Calculated 


17.53 


15.45 


Found 


17.61 


14.54 


Average  per 

hour 
(calculated) 


17.53 


15  45 


Average. 


15.41 

14.47 

14.99 

17.18      1 

30.40 

31.65      , 

15.20 

15.73 

1 
15.89 

17.44 

16.40      ' 

15.32 

15.42 

48.49 

41.71 

1 

16.16 

16.65 

14.22 

15.99 

14.98 

17.96 

16.99      1 

50.60 

46.19 

16.86 

15.43 

15.11      1 

16.03 

16.37 

18.33 

17.35 

49.79 

48.83      . 

16.56 

14.67 

16.10 

15.22 

15.51 

16.78 

17.26 

46.67 

48.87 

1 

15.56 

...16.19 

The  average  heat  production  of  this  basal  metabolism  is  16.2 
calories.  When  any  three-hour  period  is  compared  with  this 
fundamental  figure,  the  average  of  the  three  hours  is  always  within 
0.7  of  a  calorie  or  4  per  cent  of  the  above  figure.  A  value  which 
comes  between  15.5  and  16.9  calories  may  therefore  be  considered 
as  within  the  limits  of  the  normal  basal  value  of  this  dog  during 
sleep.  The  full  details  of  these  experiments  are  presented  in  the 
Appendix,  Table  II. 
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Assiyning  a  minimal  basal  metabolism  of  16.2  calories  per  hour 
the  total  would  be  388.8  calories  in  twenty-four  hours  for  a  dog 
weighing  9.3  kgms.    The  area  of  the  dog  is  0.4956  square  meters 

calculated  from  the  formula,  11.2  \9.3^  The  minimal  metabol- 
ism would  therefore  be  784  calories  per  square  meter  of  surface, 
which  may  be  contrasted  with  759  calories  similarly  determined 
for  Dog  I.    The  difference  is  3  per  cent. 

C  The  results  of  the  ingestion  of  dextrose  by  Dog  11. 

a.  Twenty  grams  of  dextrose.  After  giving  20  grams  of  dextrose 
in  150  cc.  of  water  to  Dog  II  at  noon,  no  definite  rise  in  metabolism 
could  be  made  out  in  one  experiment  (No.  39)  while  in  a  second 
experiment  (No.  42)  the  metabolism  rose  from  the  basal  value  of 
16.2  to  18.7  calories  in  the  second  hour  after  the  ingestion  of  the 
solution.  The  metabolism  returned  in  the  third  hour  to  the  basal 
value.  This  rise  of  2.5  calories  is  an  increase  of  15  per  cent  above 
the  basal  metabolism.  Since  20  grams  of  dextrose  containing 
75  calories  causes  a  rise  in  heat  production  of  2.5  calories,  it  may 
be  estimated  that  100  calories  would  bring  about  an  increase  of 
3.3  calories. 

The  essential  points  are  here  presented  and  the  full  details  will 
be  found  in  Table  III  of  the  Appendix. 


1 

1 

XPBBIMXNT  1 
NUMBER 

TIME 

NON-PROTKIN 
R.Q. 

1.12 

CALC 

Calculated 
16.94 

»RIE8 

Found 

39 

1. 00-2. 00  p.m. 

19.12 

2.00-3.00 

0.95 

16.89 

17.24 

3.00-4.00 

0.88 

1 

15.75 

16.55 

• 

49.58 

52.92 

42 

1.00-2.00  p.m. 

^        1.08 

18.72 

18.60 

2.00-3.00 

0.97 

15.43 

16.09 

34.15 

34.69 

It  is  difficult  to  explain  the  high  non-protein  respiratory  quo- 
tients.    It  is  apparent  (Experiment  42)  that  a  small  quantity  of 


He:iH0ubmL  ^ 


r^     rr 


At  ^lUfMCuift  nui  tluqt  *aie 

fe  M  4iM^  vi«^  'tnat  '^Jii^  aipstfaaa  if  x  sui 

♦vrt'  *Hirt  tfvr  i^-rjutr  *  «muI  '^iBBCrrr  if  i 


•^! 


2I> 

J2 


\  ^>2^>  p. 

♦  f0f  %  t0f 


»  <* 


0'>» 

19  3d 

19  91 

h*^ 

19  47 

IS  45 

1  (6 

1%25 

19  as 

0  S5 

16  61 

17  25 

73  90 

7 A  S6 

It  M  Appar^ii,  ff^iOj  tbft  non-piYiUftn  respiratory  qiioti«its  of  98, 
98  ftod  KW,  thAt  r;artx>hydrate  combixstion  dominated  during  the 
iieeond  U»  Umrih  lumrn.    In  the  fifth  hour  the  quotient  feD. 

Tb*  riw?  frr/rn  t^i^  f/a^d  value  of  16.2  to  19.6  calories  represented 
an  im^ti$mti  iA  ZA  r;alori^-N  or  20  per  cent.  The  total  increase  in 
nHdmiffAmn  during  tbft  four  hours  was  9.1  calories.  Since  50 
granm  rrf  iU^iumn  w/ntain  184,6  calories,  it  follows  that,  taken  in 
Kubner'ii  mmm^  the  ingestion  of  100  calories  of  dextrose  causes 
an  increaned  metaUilinm  amounting  to  4.9  calories. 
•  c.  Hevenly'five  gramn  of  dextrose.  Administration  of  75  grams 
iA  iUrxiume  in  200  cc,  of  water  caused  an  initial  rise  in  metabolism 
from  16,2  to  19.6  calorieu,  the  name  as  produced  by  50  j  rams  of 
di^troMe, '  The  increased   mHa^x)lism  was,  however,  continued 


'  Johannnon:  Mkand.  Arch.  f.  PhynioL,  xxi,  p.  1,  1909. 
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at  least  through  the  fifth  hour  at  a  level  of  about  20  calories  per 
hour.  The  total  mcrease  duHng  the  four  hours  was  16.35  calories. 
Since  75  grams  of  dextrose  contain  277  calories,  it  may  be  calcu- 
lated that  100  calories  of  dextrose  cause  an  increase  in  metabolism 
equal  to  5.9  calories. 

The  following  table  illustrates  these  facts,  which  are  set  forth 
in  greater  detail  in  the  Appendix,  Table  II. 


KXPXUMKNT 

TIME 

NON-PBOTCIN 
R.Q. 

CAI.ORISS 

KITMBSR 

Calculated 
19.60 

Found 

40 

1.00-2.00  p.m. 

1.06 

20.85 

2.00-3.00 

1.01 

20.22 

21.28 

3.00-4.00 

0.98 

21.09 

20.38 

4.00-5.00 

1.04 

2P.24 

19.44 

1 

81.15 

81.95 

The  respiratory  quotient  is  such  as  to  indicate  oxidation  of 
dextrose  throughout  the  four  hours.  Although  the  results  here 
presented  do  not  justify  the  assumption  that  the  higher  metabolism 
terminated  with  the  fifth  hour  after  dextrose  ingestion,  yet  there 
is  indirect  evidence  which  will  be  offered  in  the  next  paper  of  this 
series  that  this  is  so.  This  evidence  consists  in  the  fact  that  after 
^ving  50  grams  of  dextrose,  a  large  excretion  of  water  by  the  kidney 
marks  the  fourth  hour,  the  last  hour  of  increased  metabolism, 
whereas  after  giving  75  grams,  the  large  excretion  of  water  marks 
the  fifth  hour. 

d.  The  nitrogen  elimination  after  dextrose  ingestion.  In  the 
calculations  made  above,  the  nitrogen  of  the  urine  was  collected 
for  the  whole  period  beginning  with  the  catheterization  which 
took  place  just  before  placing  the  animal  in  the  calorimeter  and  end- 
ing with  the  catheterization  after  removal  of  the  dog  from  the  box 
at  the  end  of  the  experiment,  and  this  nitrogen  was  apportioned 
equally  between  the  hourly  periods.  As  a  matter  of  fact,  however, 
the  nitrogen  elimination  is  far  from  even  after  the  administration 
of  50  grams  of  dextrose,  as  will  be  seen  from  the  following  analyses: 
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Urinary  analyses  after  giving  60  grams  of  dextrose  at  noon. 


DATS 

TIMX 

TOTAL 

N 

NHi-N 

UBBA- 

N 

DATS 

TOTAL  N 

gram 

gram 

gram 

gram 

January  12-'12 

11.00-12.00 

January  16-  '12 

0.137 

12.00-  1.00 

0.138 

0.011 

0.101 

0.124 

1.00-2.00 

0.166 

0.012 

0.133 

0.164 

2.00-3.00 

0.180 

0.018 

0.166, 

0.190 

3.00-4.00  0.264  0.014 

0.226? 

0.181 

4.00-  5.00 

0.181!  0.011 

1 

0.163! 

il 

0.107 

It  was  incidentally  noticed  that  the  volume  of  urine  obtained 
between  3.00  and  4.00  o'clock  was  very  large  in  quantity,  as  com- 
pared with  all  the  other  hours,  and  often  reached  100  cc.  This 
led  to  the  work  to  be  described  in  the  next  paper.  This  hour  in 
question  was  also  characterized  by  a  large  nitrogen  excretion.  The 
first  hour  showed  a  diminished  excretion  of  nitrogen  and  a  small 
excretion  of  water.  Under  these  circumstances,  it  was  concluded 
that  the  hourly  excretion  of  nitrogen  could  not  be  a  measure  of 
the  protein  metabolism  of  the  period  but  rather  an  indication  of 
a  greater  or  less  secretion  of  urea  through  the  kidney.  It  was, 
therefore,  deemed  nearest  correct  to  evenly  distribute  through  the 
different  hours  the  total  nitrogen  elimination  for  the  whole  exper- 
imental period  while  the  dog  was  in  the  calorimeter,  in  order  to 
obtain  a  measure  of  the  protein  metabolism. 

D.  Discussion  of  the  resuUs  of  dextrose  ingestion. 

Some  of  the  results  of  the  work  on  metabolism  after  dextrose 
ingestion  may  be  seen  in  the  following  table. 


DEXTROSE 


Dog  I 

Dog  11... 

gramt 

103 
20 
50 

75 

RISE    IN 

METABOLISM 

IN  SECOND 

HOUK 


per  cent 

20 
15 
20 
20 


DURATION  OF 

INCREASED 

METABOLISM 


A0Mr« 

5* 
2 
4 
5* 


TOTAL 
INCREASE  IN 
METABOLISM 


calorie* 

26.00 

2.50 

9.10 

16.35 


100  CALORXBS 
DEXTROSE 
INCRBABKS 

MBTABOUBM 

caloriM 
6.6 

3.3 
4.9 
5  9 


*At  least.    See  discussion  p.  33. 
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Here  appears  a  general  confirmation  of  the  work  of  good  author- 
ities.   The  increase  in  metabolism  of  20  per  cent  foimd  by  Magnus- 
Levy  is  verified,  and  a  "specific  dynamic'*  action  of  dextrose  of 
4.9  after  giving  50  grams  of  dextrose  is  in  accord  with  Rubner's 
experiments  with   cane-sugar.     Rubner's   theory  was  that   the 
extra  heat  produced  by  cane-sugar  is  derived  from  a  cleavage  of 
cane-^ugar  into  levulose  and  dextrose.     His  idea  calls  for  the  ab- 
sorption of  dextrose  and  its  utilization  in  isodynamic  replace- 
ment of  fat  in  the  metabolism.    However,  this  does  not  occur. 
Dwring  the  first  four  and  five  hours  after  the  ingestion  of  50  j  75  and 
100  grams  of  dextrose,  the  heat  production  rises  20  per  cent  above 
the  hasdl  metabolism.    This  fact  was  lost  to  sight  in  experiments 
continued  over  a  period  of  twenty-four  hours. 

What  then  is  the  cause  of  the  increased  metabolism?  Dextrose 
itself  is  soluble,  ready  for  absorption  and  ready  for  oxidation  by 
the  cells.  Johannson  has  already  been  quoted  as  having  shown 
the  absorption  of  75  grams  of  dextrose  by  a  fasting  man  who 
retained  it  as  glycogen  and  no  increase  in  metabolism  followed. 
The  same  writer^  has  given  to  a  diabetic  50  grams  of  dextrose 
which  was  excreted  imchanged  in  the  urine  and  caused  no  change 
in  the  metabolism.  The  question  of  ^'Darmarbeit"  may,  there- 
fore, be  excluded  as  a  factor  to  be  considered. 
Two  causes  might  contribute  to  the  increased  metabolism. 

1.  The  sugar  entering  the  blood  stream  might  set  up  osmotic 
changes  which  would  stimulate  the  cells  to  increased  movement 
and,  therefore,  increase  the  metabolism. 

2.  The  larger  quantity  of  dextrose  brought  by  the  blood  might 
cause  increased  oxidation  through  the  presence  of  an  increased 
amount  of  a  readily  oxidizable  food-stuff. 

To  investigate  the  first  problem  it  was  decided  to  test  the  meta- 
bolism of  the  dog  by  giving:  (1)  200  cc.  of  water;  (2)  150  cc.  of 
water  containing  6.7  grams  of  sodium  chloride,  (3)  150  cc.  of  water 
containing  17  grams  of  urea.  The  solutions  of  salt  (assimiing 
complete  electrolytic  dissociation)  and  of  urea  were  isotonic  with 
50  grams  of  dextrose  in  150  cc.  of  water. 

To  test  the  second  problem  another  food-stuff,  olive  oil  in  fine 
emulsion,  was  given  to  the  dog. 

'Johannson:  loc,  dt. 
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E.  The  ingestion  of  water. 

m 

That  water  in  moderate  quantities  has  no  effect  on  metabolism 
has  already  been  set  forth  by  Bidder  and  Schmidt,*  by  Rubner^ 
and  by  Heilner.*  The  following  results  were  obtained  after  giving 
200  cc.  of  water  at  noon  (Appendix,  Table  I)  and  also,  for  compar- 
ison, the  results  of  the  day  following  when  no  food  was  given  at 
noon  (Appendix,  Table  II).  The  dog  was  given  the  regular  stand- 
ard diet  at  6.00  p.m.  as  in  all  other  experiments. 


Experiment  16 — BOO  cc.   of  water, 
January  26,  *12. 

Experiment  17 — No  food,  January 

CALORISS 

TIMB 

CALORIES 

TIME 

1 

Calculated  \     Found 

Calculated 

Found 

1.00-2.00  p.m. 

2.00-3.00 

3.00-1.00 

1 

16.52    ,    J7.22 
16.52    ;    17.69 
16.46        17.34 
49.50    ,    52.25 

1.00-2.00  p.m. 
2.0O3.00 
3  OO-l.OO 

15.73 
17.44 
15.32 
47.71 

15.89 
16.40 
15.42 

48.49 

It  is  evident  that  the  ingestion  of  that  quantity  of  water  in  which 
the  dextrose  given  in  the  experiments  was  dissolved,  can  have  no 
influence  on  the  metabolism. 

F,  The  ingestion  ojT  urea  in  solution. 

In  Experiment  14, 17  grams  of  urea  in  150  cc.  of  water  were  given 
the  dog  at  noon  and  the  animal  was  placed  in  the  calorimeter. 
At  12.45  this  was  largely  vomited.  The  experiment  was  continued 
for  two  hours,  although  the  measurement  by  the  calorimeter  during 
the  first  hour  is  not  to  be  relied  upon,  on  account  of  the  mass  of 
water  on  the  floor  of  the  box. 

In  Experiment  19,  12  grams  of  lu'ea  were  given,  which  was  prop- 
erly retained  by  the  animal.  The  results  of  these  experiments 
are  presented  below  (full  details.  Appendix,  Table  II). 


•  Bidder  and  Schmidt:  Verdauungaadfte  und  Stoffwechsel,  1852,  p.  340. 
^Rubner:  Gesetze  des  Energieverbrauchs,  1902,  p.  62. 

•  Heilner:  Zeitschr.  f.  Biol.,  xlix,  p.  373,  1907. 
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Experiment  19-^lB  grams 
urea,  160  cc.  water,  at  noon. 

CAL4 

Calculated 

3BXE8 

1 

Found 

1      20.42  (?) 

!      18.76 

1 

CALOBIBB 

TIME 

Calculated 

16.35 
16.68 
33.03 

Found 

1.00-2.00  p.m. 
2.00-3.00 
3  00-4.00 

15.85 
17.76 

15.94 
16.07 

33.61 

32.01 

In  Experiment  14,  during  the  period  before  the  dog  was  put 
into  the  calorimeter,  the  nitrogen  eliminated  amounted  to  0.154 
gram  hourly,  whereas,  after  administration  of  the  urea  solution, 
it  rose  to  0.424  gram  per  hour,  indicating  a  considerable  absorption 
of  urea.  In  the  successful  Experiment  19,  the  hourly  excretion 
of  nitrogen  rose  from  0.133  gram  before  the  ingestion  of  urea  to 
0.602  gram  after,  which  corresponds  to  the  elimination  of  an  extra 
gram  of  urea  per  hour.  As  the  results  show,  the  elimination  of 
wrea  after  its  administration  in  soltUion  is  without  any  influence 
upon  metabolism.  The  normal  of  16.2  calories  per  hour  was  closely^ 
approximated. 

Zuntz*  has  sought  to  attribute  part  of  the  "specific  dynamic" 
action  of  protein  to  the  increased  kidney  activity  accompanjdng 
the  elimination  of  urea,  but  the  above  experiment  shows  this  to 
be  without  foimdation. 

The  calculation  of  the  protein  metabolism  in  Experiment  14  and 
Experiment  19  was  on  the  assumption  that  it  was  maintained  at 
the  same  height  as  on  near-by  days  when  no  food  was  given  during 
the  same  interval  of  the  day. 


O,  The  ingestion  of  sodium  chloride  in  solution. 

One  experiment  was  made  to  determine  the  influence  of  the 
ingestion  of  6.7  grams  of  sodium  chloride  in  150  cc.  of  water,  a 
solution  which  is  isotonic  with  50  grams  of  dextrose  in  150  cc.  of 
water.  This  was  given  at  noon  on  two  successive  days,  the  meta- 
bolism being  obtained  on  the  second  day  with  the  following  results 
(details,  Appendix,  Table  II). 


•Zuntz:  Zentralhl.  f.  Physiol.,  xxiii,  p.  960,  1909. 
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Hitte  fignrci  contrMfict  the  sUtdDoat  of  Znntr'  regmfing 
the  hebamar  of  gndhim  cUoride  on  metabolkm.  Tbe  resahs  in 
no  vaj  <fiffer  from  the  aren^  bttsal  meijJxilisni  of  16^  calories 
per  hoar.  Hcnee,  the  ingaHom  a§  loO  cc^  a§  a  whrfiigw  opnloimng 
iJt  'per  ead  mHurn  ddaride  is  wiUumi  inftmtnee  mpam  ike  tmdtAoKsm, 

The  urinary  exeretion  of  socfimn  chloride  dming  the  expefimen- 
tal  period  between  12.00  noon  and  AJOS  pan.  amounted  to  0.805 
grsm  per  hoar  and  from  4.08  to  10  ajn.  the  next  day  to  0.439  gram 
per  hoar.  The  quantity  of  arine  was  140  cc.  during  the  expoimen- 
tal  period  of  four  hoan,  indicating  marked  diuresis. 

H,  Hie  ingestion  offaL 

Binee  dextrose  solotious  caused  an  increased  metabolism  and 
wotntiooB  such  as  8  per  cent  urea  and  4.2  per  cent  sodium  chkHide 
and  water  itself  had  no  effect,  it  seined  desirable  to  test  ibe 
tnfluenee  of  another  food-stuff,  fat,  which  is  quickly  absorbed, 
enters  the  blood  current  and  supplies  the  cdls  with  nutrimoit. 

Fifty  grams  of  otive  oil  were  mixed  with  10  cc.  of  a  1.2  per  c&ai 
socfium  carixmate  solution  and  shaken  till  a  fine  emulsion  formed, 
and  this  was  given  to  the  dog  at  noon. 

Tbe  results  may  be  thus  summarized  (details,  Appendix,  Table  II) . 


EzperimerU  tS — SO  grams  olive  oil, 
at  noon. 


TIME 


1  (X>2  Of)  p.m. 

2  00-3  m 


CAI>OUXS 

Cftfenlated*  Found 

18  71 
18  05 
36-76 


Experiment  H — SO  grams, 
olive  oily  at  noon. 

CAIX>] 


OOeiilatcd 


Found 


17  69 
J^Tl 
37  40 


19.77 
19  73 
39.50 


HHvuftx  kmt,  but  tbe  Oh  per  hour  was  0.06  and  5.91  against  5.81  In  ezpertment  24.  on  day  follow^ 
liift«  durtnf  whlcb  hour  tb«  caJxrulatcd  metabolism  waa  17.69,  tbe  R.  Q.  being  0.79.  Given  these 
Uttvr  eondltloM,  th«  calculated  metabolJam  of  experiment  23  would  have  been  18  odorlea  and  over 
10  the  two  lioura  recorded. 


»•  Zuniz:   ZentraJbl.  f.  Physiol,  xxiii,  p.  960,  1909. 
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These  experiments  iUustrate  an  increased  metabolism  above 
the  basal  level  of  16.2  calories  per  hour,  due  to  the  inflow  of  fat. 
If  one  again  recaUs  Benedict's  experiments  showing  the  negative 
^ect  of  cathartics  and  of  agar-agar  upon  the  metabolism,  one 
cannot  attribute  this  increase  to  *'  DArmarbeit."  The  emulsified  fat 
flows  partly  through  the  portal  vein,  but  in  large  quantity  enters 
directly  into  the  circulation  through  the  thoracic  duct,  at  once 
affording  a  means  of  enrichment  of  the  fat  content  of  the  general 
circulation.  Under  these  circumstances  of  ample  nutrition,  the 
metabolism  increases  (in  the  sense  of  Voit). 

The  general  results  obtained  from  the  experiments  mentioned 
in  this  paper  are  shown  in  the  accompanying  chart. 
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OUVEOIL    NaCl 


126.    ZOOaa 
UREA  Water 


2      3      4     3 


2      5 


2      3      4 


3      4 


2      3 


ChABT    1      ILLUBTRATma   THE   EFFECT    OF   THE    INGESTION  OF    DEXTROSE 
AND  FAT  AND  OF  WATER,  UREA  AND  SALT  SOLUTIONS  ON  THE  METABOLISM. 

Solid  lines — ^metabolism  in  calories  as  calculated.    Broken  lines — metab- 
olism in  calories  as  found. 
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III.  SUMMARY. 

It  is  impossible  to  discuss  the  present  work  without  anticipatory 
reference  to  the  results  of  Miss  Fisher  and  Miss  Wishart,  which 
are  to  be  presented  in  the  pai>er  which  follows  this.  These 
authors  have  found  that  after  giving  50  grams  of  dextrose  to  a 
dog,  the  blood  sugar  rises  in  percentage  within  one  hour  and  then 
falls  to  normal  during  the  succeeding  hours;  that  there  is  a  large 
;*etention  of  water  by  the  organism  during  the  period  of  high  meta^ 
holism,  which  water  is  suddenly  eliff>inated  during  the  last  hour  of 
the  hitj;h  metabolism  (the  fourth  after  dextrose  ingestion);  that 
during  this  same  hour,  the  absorption  of  dextrose  is  completed;  and 
that,  during  the  period  of  high  metabolism  and  water  retention,  the 
percentage  of  hemoglobin  falls  in  the  blood,  rising  again  after  the 
water  elimination. 

In  general,  the  following  pictiu-e  may  be  drawn.  It  was  noted 
in  Dog  I,  that,  after  giving  100  grams  of  dextrose,  the  skin  temper- 
ature rose  during  the  second  hour,  while  the  rectal  temperature 
fell  slightly  (second  paper).  When  50  grams  of  dextrose  are  given 
(Dog  II)  the  sugar  content  of  the  blood  in  per  cent  is  first  increased, 
but  by  the  end  of  the  second  hour  and  thereafter,  it  is  f oimd  to  have 
returned  to  its  normal  percentage  value.  The  volume  of  the  blood, 
however,  increases  during  the  second  hour,  obviously  in  response 
to  the  osmotic  pressure  exerted  by  the  increased  sugar  concentra- 
tion. The  increase  in  blood  volume  is  demonstrated  by  the  fall  in 
the  hemoglobin  content  of  the  blood.  During  this  period,  the 
metabolism  shows  an  increase  of  20  per  cent  above  the  normal 
basal  value.  During  the  fourth  hour  there  is  final  absorption  of  all 
the  dextrose  ingested,  the  metabolism  remains  high  and  there  is  a 
large  excretion  of  water  in  the  urine.  At  the  end  of  the  same 
fourth  hour,  the  blood  sugar  content  is  normal,  indicating  that,  dur- 
ing the  withdrawal  of  water  and  the  concentration  of  the  blood,  the 
liver  and  muscles  maintain  the  normal  sugar  content  of  the  blood. 
During  the  second,  third  and  fourth  hours,  the  high  metabolism  is 
accompanied  by  respiratory  quotients  of  about  1 .00  (after  allowing 
for  the  influence  of  protein  metabolism).  However,  during  the 
fifth  hour,  when  the  metabolism  has  returned  to  its  basal  value,  a 
non-protein  respiratory  quotient  of  0.83  indicates  that  a  mixture 
of  fat  and  carbohydrate  is  being  oxidized.  The  glycogenic  function 
apparently  enters  into  control  and  reduces  the  amount  of  carbo- 
hydrate available  for  combustion,  and  fat  is  oxidized  as  well. 
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It  is  interesting  to  recall  in  this  connection  that  Hdri^^  found 
that  the  respiratory  quotient  was  increased  in  a  fasting  animal 
after  giving  adrenalin.  Adrenalin  causes  a  discharge  of  sugar  from 
the  glycogen  repositories  of  the  organism,"  the  percentage  of  blood 
sugar  rises  largely  and,  in  virtue  of  this,  carbohydrate  tends  to 
replace  fat  in  the  oxidative  processes. 

n  20  grams  of  dextrose  be  given,  a  rise  of  15  per  cent  may  take 
place  during  the  second  hour  after  sugar  ingestion,  to  be  followed 
by  a  normal  basal  metabolism  in  subsequent  hours. 

If  75  grams  of  dextrose  be  given,  a  20  per  cent  increase  in  meta- 
bolism continues  from  the  second  through  the  fifth  hour,  during 
which  hour  the  volume  of  urine  becomes  large,  indicating  that 
this  is  the  final  hour  of  the  higher  metabolism. 

It  is  shown  that  ingestion  of  200  cc.  of  water,  of  150  cc.  of  a  4.2 
per  cent  solution  of  sodium  chloride  or  of  150  cc.  of  an  8  per  cent 
solution  of  urea  have  no  influence  upon  metabolism.  It  is,  there- 
fore, concluded  that  the  high  metabolism  after  giving  dextrose 
is  not  due  to  osmotic  changes  between  the  blood  and  the  tissues. 
The  only  remaining  conclusion  which  appears  t)ossible  is  that  the 
incrfose  in  metabolism  is  due  to  ike  presence  of  a  greater  amount  of 
free  diffusible  carbohydrate  than  is  present  when  there  is  no  absorption 
of  carbohydrate  from  the  intestines.  It  is  known  that  the  sugar  of 
the  blood  behaves  as  if  it  existed  in  chemical  combination  (Loewi; 
Lupine).  If  this  combining  power  over  sugar  remains  constant, 
then  when  the  blood  is  diluted,  with  comcident  maintenance  of  the 
normal  percentage  content  of  dextrose,  there  would  be  an  increased 
supply  of  free  readily  oxidizable  sugar  molecules  available  for  the 
nutrition  of  the  cells.  Hence,  carbohydrate  alone  is  oxidized,  and 
the  metabolism  rises  in  virtue  of  an  increased  supply  of  nutriment. 

An  emulsion  of  olive  oil  ingested  by  the  dog  caused  an  increase 
in  metabolism,  probably  for  similar  reasons. 

These  experiments  confirm  the  work  of  Zuntz  and  of  Rubner  in 
niany  particulars,  but  they  bring  to  light  new  points  which  show 
that  the  theories  of  both  Zuntz  and  Rubner  will  have  to  be  revised. 

The  views  here  expressed,  however,  conform  to  the  "older" 
view  of  Carl  Voit,  who  believed  that  the  presence  of  abundant 
food  increased  the  power  of  the  cells  to  metabolize. 

"HAri:  Biochem,  Zettachr,,  xxxviii,  p.  23,  1912. 
"Ringer:  Journ,  of  Exp,  Med.,  xii,  p.  105,  1910. 
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TABLE  I. 

; 

1          \ 

ifOir-PKomt      1 

DATS 

TUfB 

10.00-11.00  a.m. 

BXP. 
NO. 

gravu 

10.85 

Oi 

QTdmM 

7.94 

R.Q. 

1 

1 

HsO 

URINS 

N 

• 

Oi 

B.Ql 

May  4, '11 

34 

0.99 

granu 

9.27 

gram9 

0.213 

granu 

8.86 

gramt 
6.14 

1.02 

j  11.00-12.00 

10.68 

8.15 

0.95 

9.06 

0.213 

8.65 

6.35. 

0.99 

- 

j  12.00-1.00  p.m. 

11.30 

1  8.69 

0.96 

9.28 

0.213 

9.28 

6.79 

0.99 

1.00-2.00 

11.23 

8.64 

1 

0.95 

9.31 

0.213 

9.20 

6.84 

0.98 

• 

TAJ 

BLBII. 

N-PROTBIN 

1 

1 

NO 

DATS 

TIME 

9.57-10.67  a.m. 

NO. 

CX)i    1     Of 

• 

1 

R.Q. 

HsO 

URINB 

N 

granu 
4.03 

1 

Oi     1  R.Q. 

December  2,  *11 

3 

gramg 
5.61 

granu 

5.21 

0.76 

granu 

9.87 

granu 

0.133 

granu 

4.09 

0.72 

January  9,   '12 

10.00-11 .00  a.m. 

10 

5.40 

4.72 

0.83 

9.41 

0.1331 

4.14 

3.50 

0.86 

January  22,  '12 

1.00-2.00  p.m. 

13 

5.56 

4.55 

0.89 

8.66 

0.124 

4.40 

3.50 

0.92 

200-3  00 

5.26 

4.47 

0.86 

8.25 

0.124 

4.11 

3.42 

087 

January  26,  '12 

1 
1.00-2.00  p.m. 

17 

4.75 

4.83 

0.72 

7.31 

0.096 

3.89 

4.03 

0.70 

2.00-3.00 

5.26 

5.35 

0.73 

7.50 

0.096 

4.40 

4  55 

0.70 

3.00-4.00 

4.84 

4.67 

0.75 

7.23  0.095 

3.96 

3.87 

0.74 

1 

January  30,  '12 

1.00-2.00  p.m. 

18 

5.14 

5.12 

0.73 

8.60  0.130 

3.92 

4.02 

1 
0.71 

2.00-3.00 

5.14 

4.78 

0.78 

7.97  ,0.130 

1 

3.92 

3.78 

0.75 

1 
3.0O-4.00 

5.53 

5.52    0.73 

1 
1 

8.03  i0.130 

4.33 

1 
4.42  j  0.71 

February  5,  '12 

1.00-2.00  p.m.      1 

21 

5  32 

1 
4.60 

0.84 

6.51  l0.094 

4.44 

3.80 

0.85 

2.00-3.00 

5.11 

4.88 

0.76 

6.27  0.094 

4.22 

4.08  !  0.75 

p 

3.00-4.00 

1 
1 

5.61 

5.61 

0.73 

6.54  10.094 

4.73 

1 
4.81     0.72 

April  22,  '12... 

1 
12.00-1.00  p.m. 

51 

5.03 

4.38  1  0.84 

1 
10.29  0.132 

3.80 

3.26 

0.85 

1.00-2.00               1 

4.98 

4.60  1  0.79 

8.99  0.132 

3.75 

3.48 

0.78 

2.00-3  00 

5.23    5.12    0  74 

8.18  0.132 

4.00 

4.00 

073 

1 

In  •zpertments  3  and  10  standard  diet  was  given  at  noon.  Id  the  others  at  6  p.  m.  dally. 
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DOO  I. 


CALORIRS 

BOOT  TRMPRRATURS 

■ 

Total 
Calcu- 
lated 

Found         ^*^ 

End 

1 
Difference 

MORKINO 
WRIOHT 

FOOD 

Kilogramt 

564 

21.7(^27.34 

26.04j  37  82 

38.15 

'     -fO.33 

16.3 

103  grams  dextrose   +  400 

5.64 

22.42!  2S. 06 

26.42 

38  19 

+0.04 

cc.  water  at  9.15  a.m. 

5.64 

24.03  29.67 

26.22 

38.08 

-0.11 

564 

23.85  29.491  31  37| 

38.45 

+0.37 

414  56110. 05j 

1 

DOG  II. 


CAI/>RXB8 


Protein 


Non- 
protein 


407  1346 

3  51  11.94 

329  12.12 

3  29  1170 


ToUl 
Calcu- 
lated 


17  53 

15.45 

15.41 
14.99 


Total 
Found 


2  52  13.21 
2  52  '  14.92 
2  52i  12.80 


345    13.20 
3  45  I  12  54 


3  45  I  14.51 

2  50    12.93 
2  50    13.53 


250 

3.58 
3.58 
358 


15.73 
17.44 
15.32 


17.61 

14.54 

14.47 
17.18 


30.40    31.65 


48.49 

16  65 
15  99 

17.96 


50.60 

15.43 
16.03 


15.89 
16.40 
15  42 
47.71 

14.22 
14.98 

16.99 
46.19 

15.11 
16.37 


49.79    48.83 


15.83 

11  09 
11  64 
13  20!  16.78 


18.33     17.35 


14.67' 
15.22 


16.10 
15.51 
17.26 


46.67    48.87 


BODY  TRMPRRATURR 


Start 


37.89 
38.44 
38.66 


38.36 


38.43 


38.40 


37.59 


End 


37.85 
38.44 


-0  04 


38.45|-0.21 
38.48+0.03 


38.26 
38.27 


-0.10 
+0.01 


38.22-0.05 

38.32|-0.11 
38.28-0.04 


MORN- 
WRiaHT 


k9, 

9.3 
8.9 

8.7 


38.43 

38.31 
38  44 

38.62 

37.58 
37.51 
37.64 

i 


+0.15 

-0.09 
+0  13 

+0.18 

-0  01 
-0.07 
+0.13 


8.8 


8.8 


90 


9.4 


BRBAVIOR  OF  DOO 

REMARKS 

Very  quiet. 

No  food. 

Quiet. 

No  food. 

Very  quiet. 

No  food. 

Active  7  minutes. 

0|  low. 

\ 

Very  quiet. 

No  food. 

Slight  movements. 

Moving  1  minute. 

Quiet. 

No  food. 

Occasional  move- 

ment. 

Active  1  minute. 

Very  quiet. 

No  food. 

Occasional  move- 

ments. 

Active  2  minutes. 

Very  quiet. 

No  food. 

Very  quiet. 

Quiet. 
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OATB 


TIME 


March  26. '12..    100-2.00  p.m. 


2.00-3.00 
300-400 


March  30,  '12.      1 .00-2  00  p.m. 

2.00-3.00 


January  3.  '12  ,10.20-11.20  a.m. 

1.00-2.00  p.m. 
2.00-3.00 
;  3.00-4.00 
,  4.00-5  00 


January  12.  '12    1.00-2.00  p.m. 

2.00-3.00 


January  18,  '12i  3.00-4.00  p.m. 

4  0O-6.O0 


February  2,  '12 


March 27,  '12.. 


1.00-2.00  p.m. 
2.00-3.00 


1.00-2.00  p.m. 
2  00-3  00 

3.00-4.00 
4.00-5.00 


January  25,  '12i  1.00-2.00  p.m. 

2.00-3.00 
I  3  00-4.00 


I     BXP. 
I     NO. 


39 


42 


9 


11 


12 


I    20 


40 


16 


TABLE  II. 

KON-PBOT«IK 


COt         Of        R.  Q.  ,    H.O   '  ^^'^ 


grama  I  gramM 


6.98 


6.22 
5.49 


4.87  I  1  04 


4.97 
4.72 


0.91 
0  84 


grama  \  grama 
7.11  10.150 


p. 


7.33  |0.150 
7.04  10  150 


CO,        0«      R.a 


grama  |  grama  , 

5.58  1  3.60    1  U 


4.82  >  3.70    0 
4  09     3  45    OM 


7.46  ;  5  54    0  98  i  9.08  0.200 
5.74  I  4.68  I  0.89  '  8.63  ^.200 


5.59 
3  87 


6.27 

4.47 

7.69 

5.77 

8.34 

6.76 

9.63 

7.59 

6.27 

5.02 

7.59 
7.65 


7.10 
5.71 


7.41 
7.25 


7.83 
7.82 


5.70 
5.69 


5.27 
4.99 


5.71 
5.70 


5.66 
5.79 


0.86 
0.97 
0.90 
0.92 
091 


0.97 
0.98 


0.98 
0.83 


0.94 
0.93 


1.01 
0.99 


9.08 
10.76 
10.89 
12.51 
10.30 


8.71 
8.28 


0.161   3.78 
0.136   6.42 


0.136 
0.136 
0.136 

0.143 
0.143 


9.221  0.133 
8.62  0  133 


8.41 


0.150 


8.49  0.150 


8.19  0.115 
7.91  0.115 


7.04 
8.36 
4.99 


6.23 
6.31 


3  75 
2.89 


3.10 
4.62 
5.61 
6.44 
3  87 


4.49 

4.48 


1  OS 
09? 


101 
091 

OM 


1  00 
101 


5.87     4.15  ,  103 
4.44  I  3.87  f0  83 


8.01     6.14  ]  0.95  I    8.39 
8.07  I  5.84  I  1.00    •  7.99 


0.115 
0.115 


5.31 
5.13 
5.31 


6.01 

5.87 

6.76 
6.75 

6.94 
7.00 


4.44 
4.43 


4.69 
4.82 

5.17 
4.87 


0.96 
096 


1.05 
1.01 

0.96 
104 


4.60  I  0.84 
5.51  '  0.68 
5.01  '  0.77 


7.63|  0.1301  4.11  .♦3.50  I  0  851 
7.661  0.130!  3.92  1*4.41  i  0.65/ 
7.42;  0.130'  4.11  1  3.91     0  76 


*ATenfe  3.95. 


t  Averace  .74. 
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(Cootiiiited) 


R98    12  96'  16.94;  ♦19.12 


198  1 12.91   16.89,    17.24 
198    11.771  15.75!    16.66 


590 
530 


4.29 
362 
3.62 
362 
362 


49.58i    52.92 


37.94 


10 


13| 


38.22 


38.16 
38.04 


13.4?  18.72!    18.60    '  38.20  38.32 
15.431    16.09    ! 


38.20 


34.15,    34.69 


10.66.  14.95! 
16  32I  19.94| 
19.39  23.01 
22.41'  26.03i 
13.47 


26.03i 
17.09! 


14.13 
19.86 
21.78 
24.06 
17.12 


38.03 
38.69 


I  101. 02!  106.95 

3  80*  16.86'  19.661 


380 


15.83!  19.63! 
39.29I 


3  51  I  14.72  18.23 


351 


3.96 
396 


13.10  16.61 


18.69 
18.83 
37.52 

19.26 
17.25 


I  34.84  36.51 

15.61.  19.59|  19.90 

15.49;  19.47.  18.45 

'  39.06  38.35 

I 

2  91 1 16.69!  19.60)  20.85 

2  91  1 17.31  20.22:  21.28 

2 91  lis  18  21.09  20.38 


38.59 


38.01 
38.72 
38.92 
38.85 
38.62 


38.81 
39.05 


38.611  38.69 
'  38.59 


38.59  38.88 


1 


38.84 


291 

345 
3.45 
345 


17.33  20.24     19  44 


37.971  38.24 
I  38.42 

38.25 
38.33 


81.15    81.95 


13.07^  16.52  17.22  |  38.731  38.64 

13.07  16.52'  17.69  1  \  38.61 

13  01!  16.46!  17.34  '  ,  38.69 

49.50  52.25 


•H«  eliminated  -  17.01. 


MOBN- 
ING 

Differ-  wxiGBT 
ence 


BEHAVIOR  OF  DOG 


REMARKS 


+0.28 


0.06 
0.12 


+0.27 
+0.18 

-0.17 
+0.08 


-0.09 
-0.03 
+0.08 


kg. 
9^ 


+0.12     9.4 
-0.12i 


-0.02     8.5 

+0.03 

+0.20 

-0.07 

-0.23 


+0.221    8.5 
+0.24' 


+0.081    8.5 

-o.iol 


+0.29i    8.6 
-0.04 


9.3 


8.8 


Very  quiet. 


Quiet. 
Quiet. 


Very  quiet. 
Very  quiet. 


>20  grains  dextrose 
in  150  cc.  water  at 
noon. 


20  grams  dextrose 
jin  150  cc.  water  at 
inoon. 


Quiet.  1 

Active  2  minutes. 
Active  10  minutes. 
Active  23  minutes. 
Quiet. 


Quiet.  j 

Quiet. 

I 
I 

Very  quiet.  I 

Moving  2  minutes.  { 

i 
Very  quiet.  ' 

Very  quiet. 

Very  quiet.  1 

Restless  3  min-  1 

utes.  ' 

Very  quiet.  | 

Quiet.  I 

I 
Very  quiet.  1 

Active    1    minute. 
Quiet. 


50  grams     dex- 

'  trose  in  150  cc. 

of  water  at  noon. 


75  grams     dex- 
►  trose  in  200  cc. 
of  water. 


200  cc.  of  water. 
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TABLB  II. 

TXMB 

1.00-2.00  p.m. 
2.00-3.00 

SXP. 
NO. 

OOt 

Of 

R.Q. 

HiO 
grama 

19.48 
19.21 

URINE 

N 
grama 

JO. 124 
0.124 

NOW-PSOTKV 

DATS 

CXh 

Oi 

■ 

January  23,  '12 

14 

grama 

6.86 
5.80 

grama 

4.65 
5.39 

0.92 
0.78 

grama 

4.69 
4.62 

gratna 

3.60 
4.34 

1 

0.96 
077 

February  1,  '12 

2.00-3.00  p.m. 
3.00-4  00 

19 

6.06 
5.07 

5.03 
5.23 

0.73 
0.70 

8.15 

7.64 

JO. 130 
0.130 

1 
1 

3.85  1  3.93 
3.85     4.13 

on 

068 

January  24,  *12 

1.00-  2.00  p.m. 

2.00-3.00 

3.00-4.00 

15 

6.00 
5.92 
6.45 

4.29 
5.00 
4.94 

1.02 
0.86 
0.80 

8.86 
8.94 
8.13 

0.219 
0.219 
0.219 

1 
3.96     2.44 
3  85  i  3.15 
3.41  1  3.09 

1.18 
089 
O.SO 

February  7,  '12 

1.00-  2.00  p.m. 
2.00-3.00 

23 

6.05 
5.91 

lost 
lost 

7.49 
7.69 

0.139 
0.139 

i 

February  8,  '12 

1.00-  2.00  p.m. 
2.00-3.00 

24 

5.81 
6.61 

5.36 
6.03 

0.79 
0.80 

7.17 
7.43 

0.129 
0.129 

4.58 
5.39 

4.27 
4.94 

0.78 
0.79 

|8ee  text. 
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(OmiUbumI) 


1.29 
129 


1.45 
145 


5.81 
5.81 


342 

3^ 


CALOmSMB 


Noo- 


12.56 
14.47 


13  23 


Total 
Cblen- 
latod 


15.85 
17.761 


33.61 


12.90  16.35 


16.68 


5  81     9.28|  15.09 


10  83 


33.03 


16.64 


10  38!  16.19 


47.92 


ToUl 
Found 


14.27 
16.29 


17.69 
19.71 


37.40 


t20.42 
18.75 
39.17 


15.94 
16.07 

32.01 


18.00 
17.37 
16.54 
61.91 

18.71 
18.05 
36.76 

19.77 
19.73 
39.50 


BODY  TSMPKBATUHS 


Start 


38.63 


38.41 
38.161 


39.02 


38.78 


38.59 


38.48 


End 


38.71 

38.551 


38.70 
38.64 
38.62 


38.801-1-0 
38.84 -hO 


38.76 
39.04 


Differ- 
ence 


MOBN- 

uro 

WBIOHT 


-0.22 
-0.25 


-0.08 
-0.06 
-0.02 


.21 
.04 


I 


-fO.28 
-f0.28i 


kg, 
8.7 


-0.311    8.6 
-0.16 


8.7 


BBHAVIOB  or  DOO 


Very  quiet. 
Active  5  minutes. 


Very  quiet. 
Very  quiet. 


Quiet. 

Active  2  minutes. 

Quiet. 


Very  quiet. 
Very  quiet. 


Quiet. 
Quiet. 


RKMABKB 


17    grams    urea 
'  in  150  cc.  water 
(vomited). 

12  grams  urea  in 
150  cc.  water. 


6.7  gms.  NaClin 
150  cc.  water. 


50  grams  olive  oil. 


50  grams  olive  oil. 
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Experiment  16 — 6,7  grams  NaCl  in  160  cc.  of  water. 

CALORIBS 


TIMB 


1.00-2.00  p.m. 

2.00-3.00 

3.00-4.00 


Calculated 

15  09 

16  64 
16.^ 
47.92 


Found 


18.00 
17.37 
16^ 
51.91 


These  figures  contradict  the  statement  of  Zuntz*°  regarding 
the  behavior  of  sodium  chloride  on  metabolism.  The  results  in 
no  way  differ  from  the  average  basal  metabolism  of  16.2  calories 
per  hour.  Hence,  the  ingestion  of  160  cc,  of  a  solution  containing 
4,2  per  cent  sodium  chloride  is  without  influence  upon  the  metabolism. 

The  urinary  excretion  of  sodiimi  chloride  during  the  experimen- 
tal period  between  12.00  noon  and  4.08  p.m.  amoimted  to  0.805 
gram  per  hour  and  from  4.08  to  10  a.m.  the  next  day  to  0.439  gram 
per  hour.  The  quantity  of  urine  was  140  cc.  during  the  experimen- 
tal period  of  four  hours,  indicating  marked  diuresis. 

H.  The  ingestion  of  fat. 

Since  dextrose  solutions  caused  an  increased  metabolism  and 
solutions  such  as  8  per  cent  urea  and  4.2  per  cent  sodium  chloride 
and  water  itself  had  no  effect,  it  seemed  desirable  to  test  the 
influence  of  another  food-stuff,  fat,  which  is  quickly  absorbed, 
enters  the  blood  current  and  supplies  the  cells  with  nutriment. 

Fifty  grams  of  olive  oil  were  mixed  with  10  cc.  of  a  1.2  per  cent 
sodium  carbonate  solution  and  shaken  tiU  a  fine  emulsion  formed, 
and  this  was  given  to  the  dog  at  noon. 

The  results  may  be  thus  summarized  (details,  Appendix,  Table  II). 


Experiment  US — 60  grams  olive  oil^ 
at  noon. 


Experiment  24 — ^0  gramsj 
olive  oily  at  noon. 


TIME 


CALORIXB 


CALORXSS 


Calculated* 


1.00-2.00  p.m. 
2.00-3.00 


Found 

18.71 
18.06 

36.76 


Calculated 

17.69 
19.71 
37  40 

Found 

19.77 
19.73 
39.50 

*0zygen  lost,  but  the  COs  per  hour  was  6.05  and  5.01  against  5.81  In  experiment  24,  on  day  follow^ 
Ing,  during  which  hour  the  calculated  metabolism  was  17.69,  the  R.  Q.  being  0.79.  Given  these 
latter  oondltlons,  the  calculated  metabolism  of  experiment  23  would  have  been  18  oaJorles  and  over 
In  the  two  hours  recorded. 


»o  Zuntz:   ZentraWl.  f.  Physiol.,  xxiii,  p.  960,  1909. 
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These  experiments  illustrate  an  increased  metabolism  above 
the  basal  level  of  16.2  calories  per  hour,  due  to  the  inflow  of  fat. 
If  one  again  recalls  Benedict's  experiments  showing  the  negative 
rffect  of  cathartics  and  of  agar-agar  upon  the  metabolism,  one 
cannot  attribute  this  increase  to  "  Dfirmarbeit."  The  emulaified  fat 
flows  partly  through  the  portal  vein,  but  in  large  quantity  enters 
directly  into  the  circulation  through  the  thoracic  duct,  at  once 
affording  a  means  of  enrichment  of  the  fat  content  of  the  general 
circulation.  Under  these  circumstancea  of  ample  nutrition,  the 
metabolism  increases  (in  the  sense  of  Voit). 

The  general  results  obtdned  from  the  experiments  mentioned 
in  this  paper  are  shown  in  the  accompanying  chart. 


:0DP.Q. 

JS 

.90 


1 

' 

:j 

- 

V 

6. 

91 

B- 

7S 

6- 

^1- 


,T  SOLUTIONS  ON  THE  METABOLISM. 

a  calculated.    Broken  lines— metab- 
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in.  SUMMABT. 

It  is  impossible  to  discuss  the  present  work  without  anticipatory 
reference  to  the  results  of  Miss  Fisher  and  Miss  Wishart,  which 
are  to  be  presented  in  the  paper  which  follows  this.  These 
authors  have  found  that  after  giving  60  grams  of  dextrose  to  a 
dog,  the  blood  sugar  rises  in  percentage  within  one  hour  and  then 
falls  to  normal  during  the  succeeding  hours;  that  there  is  a  large 
retention  of  water  by  the  organism  during  the  period  of  high  meta- 
bolism, which  water  is  suddenly  eliminated  during  the  last  hour  of 
the  hi«^h  metabolism  (the  fourth  after  dextrose  ingestion);  that 
during  this  same  hour,  the  absorption  of  dextrose  is  completed;  and 
that,  during  the  period  of  high  metabolism  and  water  retention,  the 
percentage  of  hemoglobin  falls  in  the  blood,  rising  again  after  the 
water  elimination. 

In  general,  the  following  picture  may  be  drawn.  It  was  noted 
in  Dog  I,  that,  after  giving  100  grams  of  dextrose,  the  skin  temper- 
ature rose  during  the  second  hour,  while  the  rectal  temperature 
fell  slightly  (second  paper).  When  60  grams  of  dextrose  are  given 
(Dog  II)  the  sugar  content  of  the  blood  in  per  cent  is  first  increased, 
but  by  the  end  of  the  second  hour  and  thereafter,  it  is  found  to  have 
returned  to  its  normal  percentage  value.  The  volume  of  the  blood, 
however,  increases  during  the  second  hour,  obviously  in  response 
to  the  osmotic  pressure  exerted  by  the  increased  sugar  concentra- 
tion. The  increase  in  blood  volume  is  demonstrated  by  the  fall  in 
the  hemoglobin  content  of  the  blood.  During  this  period,  the 
metabolism  shows  an  increase  of  20  per  cent  above  the  normal 
basal  value.  During  the  fourth  hour  there  is  final  absorption  of  all 
the  dextrose  ingested,  the  metabolism  remains  high  and  there  is  a 
large  excretion  of  water  in  the  urine.  At  the  end  of  the  same 
fourth  hour,  the  blood  sugar  content  is  normal,  indicating  that,  dur- 
ing the  withdrawal  of  water  and  the  concentration  of  the  blood,  the 
liver  and  muscles  maintain  the  normal  sugar  content  of  the  blood. 
During  the  second,  third  and  fourth  hours,  the  high  metabolism  is 
accompanied  by  respiratory  quotients  of  about  1.00  (after  allowing 
for  the  influence  of  protein  metabolism).  However,  during  the 
fifth  hour,  when  the  metabolism  has  returned  to  its  basal  value,  a 
non-protein  respiratory  quotient  of  0.83  indicates  that  a  mixture 
of  fat  and  carbohydrate  is  being  oxidized.  The  glycogenic  fimction 
apparently  enters  into  control  and  reduces  the  amount  of  carbo- 
hydrate available  for  combustion,  and  fat  is  oxidized  as  well. 
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It  is  interesting  to  recall  in  this  connection  that  H^^^  found 
that  the  respiratory  quotient  was  increased  in  a  fasting  animal 
after  giving  adrenalin.  Adrenalin  causes  a  discharge  of  sugar  from 
the  glyoogen  repositories  of  the  organism,"  the  percentage  of  blood 
sugar  rises  largely  and,  in  virtue  of  this,  carbohydrate  tends  to 
replace  fat  in  the  oxidative  processes. 

K  20  grams  of  dextrose  be  given,  a  rise  of  15  per  cent  may  take 
place  during  the  second  hour  after  sugar  ingestion,  to  be  followed 
by  a  normal  basal  metabolism  in  subsequent  hours. 

If  75  grams  of  dextrose  be  given,  a  20  per  cent  increase  in  meta- 
bolism continues  from  the  second  through  the  fifth  hour,  during 
iv^hich  hour  the  volimie  of  urine  becomes  large,  indicating  that 
this  is  the  final  hour  of  the  higher  metabolism. 

It  is  shown  that  ingestion  of  200  cc.  of  water,  of  150  cc.  of  a  4.2 
per  cent  solution  of  sodium  chloride  or  of  150  cc.  of  an  8  per  cent 
solution  of  urea  have  no  influence  upon  metabolism.  It  is,  there- 
fore, concluded  that  the  high  metabolism  after  giving  dextrose 
is  not  due  to  osmotic  changes  between  the  blood  and  the  tissues. 
The  only  remaining  conclusion  which  appears  |)ossible  is  that  the 
increase  in  metabolism  is  due  to  the  presence  of  a  greater  amount  of 
free  diffusible  carbohydrate  than  is  present  when  there  is  no  absorption 
of  carbohydrate  from  the  intestines.  It  is  known  that  the  sugar  of 
the  blood  behaves  as  if  it  existed  in  chemical  combination  (Loewi; 
Lupine).  If  this  combining  power  over  sugar  remains  constant, 
then  when  the  blood  is  diluted,  with  comcident  maintenance  of  the 
normal  percentage  content  of  dextrose,  there  would  be  an  increased 
supply  of  free  readily  oxidizable  sugar  molecules  available  for  the 
nutrition  of  the  cells.  Hence,  carbohydrate  alone  is  oxidized,  and 
the  metabolism  rises  in  virtue  of  an  increased  supply  of  nutriment. 

An  emulsion  of  oUve  oil  ingested  by  the  dog  caused  an  increase 
in  metabolism,  probably  for  similar  reasons. 

These  experiments  confirm  the  work  of  Zuntz  and  of  Rubner  in 
many  particulars,  but  they  bring  to  light  new  points  which  show 
that  the  theories  of  both  Zimtz  and  Rubner  will  have  to  be  revised. 

The  views  here  expressed,  however,  conform  to  the  "older" 
view  of  Carl  Voit,  who  believed  that  the  presence  of  abundant 
food  increased  the  power  of  the  cells  to  metabolize. 

"Hdri:  Biochem.  Zeitachr,,  xxxviii,  p.  23,  1912. 
"Ringer:  Journ.  of  Exp.  Med.,  xii,  p.  105,  1910. 
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TABLE  I. 


OATS 


TIME 


May  4,  41 


lO.OO-ll.OOa.m. 
11.00-12.00 
12.00-1.00  p.m. 
1.00-2.00 


KXP. 
NO. 


34 


COt 


Ot 


grama 

10.85 
10.68 
11.30 
11.23 


QTOtnt 

7.94 
8.15 
8.69 
8.64 


NOM-PROTBIN 

R.Q. 

HsO 

UKIMB 

N 

• 

COt 

0« 

R.Q. 

fftUfM 

Qrtnn$ 

gramt 

gntns 

0.99 

9.27 

0.213 

8.86 

6.14 

1.02 

0.95 

9.06 

0.213 

8.65 

6.35. 

0.99 

0.96 

9.28 

0.213 

9.28 

6.79 

0.99 

0.95 

9.31 

0.213 

9.20 

6.84 

0.96 

DATB 


December  2,  '11 
January  9,  '12 
January  22,  '12 


January  26,  '12 


January  30,  '12 


February  5,  '12 


April  22,  '12. 


TIME 

KXP. 
NO. 

CX)i   1     Oi 

1 

9.67-10.57  a.m. 

3 

gram$ 
6.61 

gramt 
6.21 

10.00-11.00  a.m. 

10 

5.40 

4.72 

1.0O-2.00p.m. 
2.00-3.00 

13 

6.56 
5.26 

4.55 

4.47 

1.0O-2.00p.m. 

2.00-3.00 

3.0(M.OO 

17 

4.75 
5.26 

4.84 

4.83 
5.35 
4.67 

1.00-2.00  p.m. 
2.0O-3.00 

* 
18 

5.14 
5.14 

5.12 

4.78 

3.0(M.OO 

5.53 

5.52 

1.0O-2.00p.m. 
2.00-3.00 

21 

5.32 
5.11 

4.60 
4.88 

3.00-4.00 

• 

5.61 

5.61 

12.00-1.00  p.m. 
1.00-2.00 
2.00-3.00 

51 

5.03 

4.98 
5.23 

1 

4.38 
4.60 
5.12 

1 

R.Q. 


0.76 

0.83 

0.89 
0.86 

0.72 
0.73 
0.75 

0.73 
0.78 

0.73 

0.84 
0.76 

0.73 

0.84 
0.79 
0.74 


TABLE  n. 

NON-PROTKXN 

HsO 

UBINB 

N 

COl 

grama 

4.03 

1 
Ot     I  R.Q. 

1 

grama 

9.87 

grama 

0.133 

grama 

4.09 

0.72 

9.41 

0.1331 

4.14 

3.50 

0.86 

8.66 

0.124 

4.40 

3.50 

0.92 

8.25 

0.124 

4.11 

3.42 

0.87 

7.31 

0.095 

3.89 

4.03 

0.70 

7.50 

0.095 

4.40 

4.55 

0.70 

7.23 

0.095 

3.96 

3.87 

0.74 

8.60 

0.130 

3.92 

4.02 

0.71 

7.97  0.130 

3.92 

3.78 

0.75 

8.03 

0.130 

4.33 

4.42 

0.71 

6.51 

0.094 

4.44 

3.80 

0.86 

6.27 

0.094 

4.22 

4.08 

0.75 

6.54 

0.094 

4.73 

4.81     0.72 

1 

i 
10.29  !o.l32 

3.80 

3.26    0.85 

8.99  10.132 

3.75 

3.48 

0.78 

8.18  0.132 

1 

1 
1 

i 

4.00 

4.00 

0.73 

In  ezperlmenta  3  and  10  standard  diet  was  given  at  noon.  In  the  others  at  6  p.  m.  dally. 
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DOG  I. 


CALORIXa 

BODY  TSMPSRATURS 

•1 

1 

ProltUi 

Non- 
protein 

Total 

GbJeu- 

Uted 

Total 
Found 

Start 

End        Difference 

1 

MOBNUrO 
WBIOBT 

POOD 

1 

1 

Kilofframt 

564 

21.701  27.34 

26.04  37.82 

38.15        -fO.33 

16.3 

103  grams  dextrose   +  400 

564 

22.42  28.06 

►  26.42 

38  19    1    -fO.04 

cc.  water  at  9.15  a.m. 

5.64 

24.03  29.67 

26.22 

38.08        -0.11 

564 

23.85,  29.49 

>;  31.37! 

38.45    ;     -fO.37 

1            ^114  56 

JllO.05 

1 

! 

1 

DOG  11. 

CAIX>KIB8 

BODY  TBHPSRATUBB 

/ 

Total 
Found 

MOBN- 
WBXOHT 

BBHAVIOB  OP  DOO 

^^^n 

Total 
Calcu- 
lated 

Start 

End 

Differ- 
ence 

KEUAItMB 

407    1346 

17.53 

17.61 

37.89 

37.85 

-0  04 

9.3 

Very  quiet. 

No  food. 

3  51    1K94 

15.45 

14.54 

38.44 

38.44 

8.9 

Quiet. 

No  food. 

329    12.12 

15.41 

14.47 

38.66 

38.45 

-0.21 

8.7 

Very  quiet. 

No  food. 

3  29    11  70 

14.99 
30  40 

17.18 
31.65 

38.48 

+0.03 

Active  7  minutes. 
Oj  low. 

^ 

2  52  1  13.21 

15.73 

15.89 

38.36 

38.26 

-0.10 

8.8 

Very  quiet. 

No  food. 

252    14.92 

17.44 

16.40 

38.27 

+0.01 

Slight  movements. 

2  52  1  12.80 

1532 

15.42 
47.71 

38.22 

-0  05 

Moving  1  minute. 

48.49 

3  45    13.20 

16.65 

14.22 

38.43 

38  32 

-0.11 

8.8 

Quiet. 

No  food. 

345    12.54 

1599 

14.98 

38.28 

-0  04 

Occasional  move- 

t 

ment. 

3  45  :  14.51 

1 

17.96 

16.99 
46.19 

38.43 

+0.15 

Active  1  minute. 

50.60 

2  50    12.93 

15.43 

15.11 

38.40 

38.31 

-0.09 

9.0 

Very  quiet. 

No  food. 

2  50    13.53 

t 

16.03 

16.37 

• 

38  44 

+0  13 

Occasional  move- 
ments. 

2.50 

15.83 

18.33 
49.79, 

17.35 
48.83 

38.62 

+0.18 

Active  2  minutes. 

3  58 

11.09 

14.67! 

16.10 

37.59 

37.58 

-0  01 

9.4 

Very  quiet. 

No  food. 

3.58 

11.64  15.22 

15.51 

37.51 

-0.07 

Very  quiet. 

3  58 

13  20 

16.78 

17.26 

37.64 

+0.131 

Quiet. 

46.67 

48.87 
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DATB 


TIME 


March  26, '12..    100-2.00  p.m. 


2.00-3.00 
3.00-4.00 


March  30, '12..    1.00-2  00  p.m. 

2.00-3.00 


January  3.  '12.  ,10.20-11 .20  a.m. 

1.00-2.00  p.m. 

2.00-3.00 
,  3.00-4  00 
1  4.00-5.00 


January  12,  '12 


1.00-2.00  p.m. 
2.00-3  00 


January  18,  '12,  3.00-4.00  p.m. 

4  00-^5.00 


February  2,  '121  1.00-2.00  p.m. 

;  2.00-3.00 


March  27,  '12. 


'  1.0O-2.00p.m. 
;  2.00-3.00 

3.00-4.00 
4  00-5.00 


January  25,  '121  l.OO 2.00  p.m. 

2.00-3.00 
I  3  00-4.00 


SXP. 
NO. 

CX)t 

39 

granu 

6.98 

6.22 
5.49 

42 

7.46 
5.74 

9 

6.27 
7.69 
8.34 
9.63 
6.27 

11 

7.69 

7.65 

12 

7.10 
5.71 

20 

7.41 
7.25 

40 

7.83 

7.82 

8.01  ' 
8.07 

1 

16 

! 
5.31  i 

5.13 

5.31 

1 

1 

O,        R.  Q.  I    HK)   '  ^"jj^ 


TABLE  n. 

NON-PBOTKCr 

CO»         Oi        R.a 


I  - 


Ifranu  | 

4.87     1.04 


4.97 
4  72 


5  54 
4.68 


4.47 
5.77 
6.76 
7.59 
5.02 


5.70 
5.69 


5.27 
4.99 


5.71 
5.70 


5.66 
5.79 

6.14 
5.84 


4.60 
5.51 


0.91 
0.84 


0.98 
0.89 


0.86 
0.97 
0.90 
0.92 
0.91 


0.97 
0.98 


0.98 
0.83 


0.94 
0.93 


1.01 
0.99 

0.95 
1.00 


0.84 
0.68 


grama     grams 

7.11  b.l50 


b. 


grams  i  grttfns  ^ 

5.58  I  3.60  '  1  h 


4.82    3.70    0  95 


7.33  10.150 

7  04  |0.150     4  09     3.45  .  0  8^ 


9.08  0.200 
8.63  '0.200 


9.08 
10.76 
10.89 
12.51 
10.30 

8.71 
8.28 


9.22 
8.62 


8.41 
8.491 


8.19 
7.91 

8.39 
7.99 


7.63 
7.66 
7.42 


0.161 
0.136 
0.136 
0.136 
0  136 


0  143 
0.143 


0.133 
0.133 


0.150 
0.150 


0.115 
0.115 

0.115 
0.115 


5.59 
3.87 


3.78 
6.42 
7.04 
8.36 
4.99 


3.75 
2.89 


1  08 
09! 


3.10  ,0  89 
4.62  1  01 
5.61  0  91 
6.44  ;0  94 
3.87    0  94 


6.23  ;  4.49 
6.31     4.48 


5.87 
4.44 


6.01 

5.87 


6.76 
6.75 

6.94 
7.00 


4  15 
3.87 


4.44 
4.43 


4.69 
4.82 

5.17 

4.87 


1  00 
1.01 


1.03 
0S3 

0.9$i 
096 


1  05 
1.01 

096 
1.04 


0.130  4.11  1*3.50  '  0.85f 
0.130  3.92  1*4.41  \  0.65f 
0.1301  4.11  I  3.91  iO.76 


*  Average  3.95. 


t  Average  .74. 


Graham  Lusk 


45 


(CooUnned) 


CAL4>US8 


Total 


^«»»-     r^^w.        Total 


3  98  1  12.96'  16.94  ♦19.12 


398 
398 


S  30 
530 


429 
362 
362 
3  62 
3  62 

3  80 

3  80 


3  51 
3.51 


3.96 
396 


12-91   16.89  17.24 

11.77  15  75  16.56 

49.58  52.92 

13. 4d  18.72  18.60 

10  13  15  43  16.09 

134.15  34.69 

10.66j  14.95,  14.13 

16.32;  19.94  19.86 

19.39'!  23  01  21.78 

22.41;  26.03  24.06 

13.47!  17.09|  17.12 

101.02  106.95 

15.86'  19.66J  18.69 

15.831  19.631  18.83 

39.29  37.52 

I 

14.72  18.23;  19.26 

I  13.10  16  61  17.25 

34.84  36.51 


15.61,  19.59, 
15.49  19.47 


19.90 
18.45 


39.06,    38.35 


2  91  I  16.69  19.601    20.85 
2  91  i  17.31  20.22    21.28 


2  91    18.18  21.09    20.38 

2  91    17.33  20  24     19  44 

•81.15     81.95 


345 
345 


13.07i  16.52    17.22 
13.07,  16.52     17.69 


3.45  I  13.01  16.46;    17.34 
49.50    52.25 


BODY  TBMPSRATUBB 


Start       End 


37.94138.22+0.28!    9^ 


38.16 
38.04 


38.20'  38.32 
'  38.201 


I 


38.03  38.01 
38.69  38.72 
38.92 
38.85 
38.62 


38.59  38.81 
39.05 


38.61|  38.69 
138.59 


38.59 


38.88 
38.84 


37.97,  38.24 
38.42 

38.25 
38.33 


38.73,  38.64 

38.61 

'  38.69 


MOBN- 

'      IMG 

Differ-  WBiGHT 
ence 


-0.06, 
-0.12i 


-f0.12i    9.4 
-0.12i 


-0.021 
+0.03! 
+0.20j 
-0.071 
-0.23, 


+0.22: 
+0.24' 


+0.08, 
-0.10 


+0.29! 
-0.04! 


+0.27; 
+0.18 

I 
-0.171 
+0.08' 


-0.09 
-0.03 
+0.08 


8.5 


8.5 


8.5 


8.6 


9.3 


8.8 


BEHAVIOR  or  DOO 


REMARKS 


Very  quiet. 


Quiet. 
Quiet. 


I 

20  grains  dextrose 

in  150  cc.  water  at 

noon. 


Very  quiet. 
Very  quiet. 

Quiet. 

Active  2  minutes.! 
Active  10  minutes. ; 
Active  23  minutes.  | 
Quiet.  ; 

Quiet. 
Quiet. 

Very  quiet. 
Moving  2  minutes. 

I 

Very  quiet.  i 

Very  quiet. 

I 

« 

Very  quiet.  , 

Restless  3  min- 
utes. I 
Very  quiet. 
Quiet.                      i 

Very  quiet.  , 

Active  1  minute,  j 
Quiet.  I 


20  grams  dextrose 
in  150  cc.  water  at 
inoon. 


50  grams     dex- 
'  trose  in  150  cc. 
of  water  at  noon. 


75  grams     dex- 
'  trose  in  200  cc. 
of  water. 


200  cc.  of  water. 


*Httt  ebmlnated  -  17.01. 
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Metabolism  of  Dextrose  and  Fat 


TABLE  II. 


NON-PBOTKnr 

DATE 

TIME 

1.00-2.00  p.m. 

BXF. 
NO. 

00» 

Ot 

R.Q. 

HsO 
grama 

19.48 

URINE 

N 

gramt 
JO. 124 

CXh 

grama 
4.69 

Oi 

R.Q- 

January  23,  '12 

14 

gramt 
5.86 

gramt 

4.65 

0.92 

grama 

3.60 

095 

2.00-3.00 

5.80 

5.39 

0.78 

19.21 

0.124 

4.62 

434 

0.77 

February  1,  '12 

2.00-3.00  p.m. 

19 

5.06 

5.03 

0.73 

8.15 

JO. 130 

3.85 

3.93 

0.71 

3.00-4  00 

5.07 

5.23 

0.70 

7.64 

0.130 

3.85 

4.13 

0.6S 

January  24,  *12 

1.00-  2.00  p.m. 

16 

6.00 

4.29 

1.02 

8.86 

0.219 

3.96 

2.44 

1.18 

2.00-3.00 

5.92 

5.00 

0.86 

8.94 

0.219 

3  85 

3.16 

0.89 

3.00-4  00 

5.45 

4.94 

0.80 

8.13 

0  219 

3.41 

3.09 

0  80 

February  7,  '12 

1.00-  2.00  p.m. 
2.00-3.00 

23 

6.05 
5.91 

lost 
lost 

7.49 
7.69 

0.139 
0.139 

February  8,  '12 

1.00-  2.00p.m. 

24 

5.81 

5.36 

0.79 

7.17 

0.129 

4  58 

4.27 

0.78 

2.00-3.00 

6.61 

6.03 

0.80 

7.43 

0.129 

5.39 

4.94 

0.79 

I  See  text. 
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(Continued) 


C4I.O«I»H 


Non- 


Total 
ObIcu- 
lated 


12.56, 
14  47 


12.90 
13  23 


33.03 


5.81  !    9.28,  15.09 


10.83 
10  38 


15.86 
17.76 


33.61 

16.35 
16.68 


16.64 
16.19 


47.92 


14.27 
16  29 


Totia 

Found 


PO.42 
18.75 
39.17 


15.94 
16.07 
32.01 

18.00 
17.37 
16.54 
51.91 

18.71 
18.05 
36.76 

19.77 
19.73 
37.401    39.50 


17.69 
19.71 


BOOT  TSMPSBATUBB 


Start 


38.63 


39.02 


38.78 


38.59 


38.48 


End 


38.41 

38.16 


38.71 
38.551 


38.70 
38.64 
38.62 


38.80 
38.84 


38.76 
39.04 


Differ 
ence 


IIOBK- 

IMO 

WBIORT 


-0.22 
-0.25 


0.31 
•0.16 


-0.08 
-0.06 
-0.02 


+0.21 
+0.04 


-fO.28' 
+0.281 


8.7 


8.6 


8.7 


BBHAVIOB  or  DOO 


Very  quiet. 
Active  5  minutes. 


Very  quiet. 
Very  quiet. 


Quiet. 

Active  2  minutes. 

Quiet. 


Very  quiet. 
Very  quiet. 


Quiet. 
Quiet. 


BBUABK8 


17    grams    urea 
►  in  150  cc.  water 
(vomited). 


} 


12  grams  urea  in 
150  cc.  water. 


6.7gm8.  NaCIin 
160  cc.  water. 


60  grams  olive  oil. 


60  grams  olive  oil. 
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ANIMAL  CALORIMETRY. 

*  FOT7BTH  PAPEB. 

OBSERVATIONS  ON  THE  ABSORPTION  OF  DEXTROSE  AND  THE 
EFFECT  IT  HAS  UPON  THE  COMPOSITION  OF  THE  BLOOD. 

By  GERTRUDE  FISHER  and  MARY  B.  WISHART. 
{From  the  Physiological  Laboratory ^  Cornell  Medical  College,  New  York  City,) 

(Received  for  publication,  August  12,  1912.) 

In  the  experiments  described  in  the  last  paper,  two  results  were 
noted,  in  the  first  place,  the  temperature  of  the  skin  rose  to  a 
greater  degree  after  giving  dextrose  than  did  the  rectal  tempera-* 
ture,  and  in  the  second  place,  the  period  of  high  metabolism  was 
terminated  by  an  hour  in  which  a  large  quantity  of  water  was 
eliminated  in  the  urine.  The  first  observation  pointed  to  a  change 
in  the  distribution  of  the  blood,  whereas  the  second  indicated  that 
the  volume  of  the  blood  had  been  increased  during  the  period  of 
the  higher  metabolism,  only  to  diminish  again  through  the  sudden 
excretion  of  water  at  the  end  of  the  period.  This  paper  presents 
results  designed  to  follow  these  facts  to  a  definite  interpretation. 

An  old  observation  of  Bischoflf  and  Voit^  noted  that  a  dog  which 
had  been  fed  with  bread  for  forty-one  days,  during  which  time 
the  urinary  nitrogen  indicated  a  loss  of  3.7  kgms.  of  '*  flesh,"  in 
reality  lost  only  0.5  kgm.  in  weight,  and  when  1800  grams  of  meat 
were  given  to  the  animal,  water  was  eliminated  in  larger  quantity 
in  the  urine  than  was  taken  in  the  food.  Although  the  fact  of  an 
increased  quantity  of  water  held  by  the  tissues  when  an  animal 
is  maintained  on  a  carbohydrate  diet,  has  been  repeatedly  con- 
firmed, there  has  been  no  analysis  of  this  condition  extending 
over  a  short  period  of  time. 

*  Bischoflf    and   Voit:  Die  Gesetze   der  Erndhrung  des  Fleiachfresaers, 
I860,  p.  211. 
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50     Dextrose  Absorpdon  and  Blood  Composition 

Egptriiattrtg  windi  describe  the  effect  of  dciliu»  iage^^ 
tbe  eootent  of  Mood  mgv  hare  been  areompfished  on  man.  Be- 
eent  deicnmiiations  bj  EL  Fmik^  give  rallies  of  OXJfl  to  0.09 
per  cent  of  dextrooe  in  nonnalfaoman  blood,  liefmaim  and  Stem* 
atate  that  0.105  per  eent  represents  tbe  marimnm  amonnt  of  dex- 
trose normaDj  present.  Hoverer.  these  authors  note  that  in  two 
patients  with  croupoos  poenmonia,  the  dextrose  eontent  of  tbe 
blood  vas  0.108  and  0.136  per  cent,  which,  however,  rose  one  hour 
after  the  ingestion  of  200  grams  of  dextrose  to  0.17  and  0.281  per 
eent  respeetiveiy.  Gilbert  and  Baudooin*  have  given  150  grams 
of  dextrose  in  400  ee.  of  water  to  six  normal  yoong  men.  They 
report  that  the  blood  sugar  rose  after  one  hour  and  amounted  to 
0.107,  0,108,  0.125,  0.130,  0.132  and  0.134  per  cent  in  the  ax  indi- 
viduals. After  two  hours  the  blood  sugar  content  was  <mly  slightly 
above  tbe  normal,  and  in  the  third  and  fourth  hours  rt  was  once 
more  entirdy  normaL 

In  addition  to  these  experiments,  the  procedure  in  which  is 
entirely  comparable  to  that  employed  by  the  present  writers, 
other  experiments  have  been  performed  in  which  dextrose  scJutions 
were  injected  directly  into  the  venous  system  and  the  results  noted. 
Thus  Brasol/  in  the  laboratory  of  Cari  Ludwig,  found  that  two 
minutes  after  intravenous  injection  of  dextrose  solutions,  much 
of  the  injected  dextrose  was  already  removed  from  the  blood,  the 
percentage  of  henu^obin  fell,  indicating  a  dilution  due  to  osmotic 
processes,  but  in  two  hours  the  normal  percentage  of  sugar  had 
been  reached.  Repeating  these  experiments,  Nadporozsky*  found 
that,  following  intravenous  injection  of  dextrose  solutions,  the 
hemoglobin  at  first  fell  but  after  forty-five  minutes  exhibited 
normal  relations.  Starling^  injected  40  grams  of  dextrose  in  40 
cc.  of  wat^'f  into  the  jugular  vein  of  a  dog.  Within  five  minutes 
the  hemoglobin  in  the  blood  fell  from  100  to  60  i>er  cent  but  after 
half  an  hour  returned  to  normal.    Accompanying  the  hydremic 

*E.  Fri^nk:  ZeiUchr.  f,  physiol.  Chem.,  Ixx,  p.  139,  1911. 

'  LiefmaDn  and  Stem:  Biochem,  ZeiUckr.,  i,  p.  301,  1906. 

♦OUbcrt  and  Baudouin:  CompL  rend.  soc.  6toZ.,  Ixv,  p.  710,  1908. 

»  BraiM>l:  Arch.  f.  Physiol,  1884,  p.  211. 

•  NfMlporozsky:  Runkaja  Medicinay  1887,  No.  26:  Abstract  in  Maly^a 
Jahretberichl  far  Tierchemief  1887. 

^Starling:  Journ.  of  Physiol.,  xxiv,  p.  317,  1899;  see  also  The  Fluids 
of  the  Body,  1909. 
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plethora,  due  to  the  withdrawal  of  water  from  the  tissues  in  con- 
sequence of  osmotic  differences,  there  was  a  rise  in  blood  pressure, 
an  increase  in  kidney  volume  and  an  increase  in  the  elimination 
of  urine.  Starling^  believes  that  the  consequences  of  the  hydremic 
plethora  are  increased  circulation  through  the  kidney  and  in- 
creased output  of  urine,  the  dilution  of  the  blood  favoring  glomer- 
ular filtration.  The  urine  contained  dextrose  and  Starling  also 
suggests  that  d^d^rose  itself  leads  to  a  stimulus  of  the  kidney  ves- 
sels or  possibly  the  kidney  cells,  because  the  diuresis  outlasts  the 
hydremic  plethora.  During  this  latter  period,  the  quantity  of 
hemoglobin  rises  above  the  normal  on  account  of  the  continued 
diuresis. 

Biedl  and  Kraus'  have  administered  intravenously,  20  and  30 
grams  of  dextrose  in  10  per  cent  solutions  to  hmnan  beings, 
have  noted  a  rapid  disappearance  of  excess  of  sugar  in  the  blood, 
and  have  found  that  no  considerable  amount  of  sugar  was  elimi- 
nated in  the  urine.  These  experiments  all  point  to  the  efficiency 
of  the  glycogenic  function  of  the  body  which  tends  to  maintain 
the  dextrose  content  of  the  blood  a  fixed  level. 

EXPERIMENTAL  PART. 

In  paper  three  was  described  how  a  dog  (Dog  II),  weighing 
about  9  kgms.,  was  maintained  on  a  standard  diet  and  how  eight- 
een hours  after  food  ingestion,  dextrose  was  administered  (usually 
in  150  cc.  of  water)  and  the  metabolism  then  determined  in  hourly 
periods.  The  following  experiments  were  designed  to  nearly 
reproduce  these  conditions  with  a  view  to  ascertaining  certain 
details  during  the  different  hours  of  dextrose  absorption.  The 
facts  investigated  were  (a)  the  amount  of  dextrose  in  the  gastro- 
intestinal tract,  (b)  the  dextrose  content  of  the  blood,  (c)  the  glyco- 
gen content  of  the  liver,  (d)  the  quantity  of  urine  secreted  and  (e) 
the  hemoglobin  content  of  the  blood.  The  first  three  factors  were 
determined  upon  ten  different  dogs  (shown  in  Table  I)  while  the 
last  two  factors  were  observed  upon  the  same  dog  (shown  in  Table 

II). 

Reference  to  Table  I  reveals  a  series  of  experiments  upon  ten 
dogs  which  were  given  a  standard  diet  one  or  more  days.     In  all 

•Starling:  The  Fluids  of  the  Body,  1909,  p.  153. 

•Biedl  and  Kraus:  Wiener  klin.  Wochenschr.,  ix.  p.  55,  1896. 


53     Dextrose  Absorption  and  Blood  Composition 


3  g  -a  I 

.tj'i 

I  S  E  8 


31 


ii-l 


§_i  |i_iig-|  ||,|  iiiiisiii'sil 

mSu    &&S2SSS2     sags    ■S'2i'?a'52'«2-oSi 


88  =S   8 


5s 


Gertrude  Fisher  and  Mary  B.  Wishart 


53 


the  cases  blood  was  withdrawn  under  cocaine  anesthesia,  a  method 
which  was  employed  because  most  anesthetics  lead  to  an  output 
of  dextrose  in  the  urine.  The  cocaine  was  first  used  in  a  7  per  cent 
solution,  which  proved  too  strong  and  led  to  the  death  of  the  animal 
in  convulsions.  With  a  1  per  cent  solution  of  cocaine  there  was 
no  difficulty  throughout  the  entire  series  of  experiments,  except  in 
the  case  of  a  small  nervous  dog  (IV).  In  the  other  instances,  after 
the  subcutaneous  administration  of  cocaine  immediately  over 
the  carotid  artery,  a  canula  could  be  inserted  in  the  vessel  and  two 
samples  of  blood  of  about  50  cc.  each  could  be  drawn  from  the 
perfectly  quiet  animal  without  any  sign  of  pain  or  irritation.  The 
dog  was  then  killed  by  a  sudden  blow  on  the  head,  the  liver  quickly 
removed  and  the  stomach  and  intestinal  contents  were  covered 
with  95  per  cent  alcohol. 

The  blood  sugar  was  determined  by  the  method  of  Weymouth 
Reid^**  as  used  by  Vosburgh  and  Richards."  Glycogen  in  the  liver 
was  determined  according  to  Pfltiger^  and  all  sugar  determinations 
according  to  the  method  of  Allihn.  The  Fleischl-Miescher  method 
was  employed  in  the  hemoglobin  tests. 

a.  The  quantity  of  dextrose  in  the  gastrointestinal  tract. 

In  five  cases,  when  the  animal  was  killed  twenty-four  hours 
after  administration  of  the  standard  diet,  the  gastro-intestinal 
tract  was  found  to  be  free  from  dextrose.  When  50  grams  of 
dejftrose  were  given  about  twenty-four  hours  after  the  standard 
diet,  a  rapid  though  variable  absorption  of  dextrose  was  recorded. 
The  results  may  thus  be  summarized. 

Rate  of  absorption  after  giving  50  grams  of  dextrose. 


DBXTBOSB 

TXH>  AVTKB  FOOD 

In  stomach 

In  Intestine 

One  hour 

1fram» 

5.6 

11.1 

.  16.6 

7.4 

0.0 

ffratM 
2.9 

Two  hours 

1.7 

Two  hours 

1.0 

Three  hours 

0.0 

Four  hours 

0.0 

"  Reid:  Joum,  of  Physiol.,  xx,  p.  316,  1896. 

"  Vosburgh  and  Richards:  Amer.  Joum.  of  Physiol. j  ix,  p.  35,  1903. 

"PflOger:  Das  Glycogen,  2te  Aufl.,  1905,  p.  67. 
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These  figures  indicate  that  the  absorption  of  50  grams  of  dex- 
trose in  dogs  weighing  between  8  and  9  kgms.  is  rapid  and  is  com- 
pleted during  the  fourth  hour  after  the  administration  of  the  sugar. 

6.  The  dextrose  content  of  the  blood. 

It  has  been  repeatedly  verified  that  convulsions  increase  the 
quantity  of  blood  sugar  through  depletion  of  the  glycogen  reserves 
of  the  body.  This  is  apparent  in  values  of  0.19  and  0.14  per  cent 
of  dextrose  contained  in  the  blood  taken  during  cocaine  convul- 
sions. In  two  cases,  however,  when  the  blood  was  obtained  from 
a  quiet  dog  twenty-four  hours  after  food  ingestion,  duplicate  analy- 
ses showed  in  one  dog  0.10  and  in  another  0.11  per  cent  of  glu- 
cose, which  are  entirely  normal  values. 

After  giving  50  grams  of  dextrose  in  150  cc.  of  water  to  dogs 
which  had  received  the  standard  diet  twenty-four  hours  before, 
the  following  results  were  obtained. 

Timeafter  SO  grama  Blood  augar  in 

deoctroae.  per  cent. 

One  hour 0.16 

♦One  hour 0.13 

Two  hours 0.10 

Two  hours 0.11 

Three  hours 0.11 

Four  hours 0.11 

*Not  included  In  Table  I. 

These  results  confirm  those  of  Gilbert  and  Baudouin  on  man,  in 
showing  that  the  blood  sugar  rises  during  the  first  hour  and  then 
falls,  remaining  normal  thereafter. 

c.  The  glycogen  content  of  the  liver. 

The  glycogen  content  of  the  liver  is  known  to  be  very  variable 
in  diflFerent  dogs  twenty-four  hours  after  food  ingestion,  so  that 
glycogen  determinations  often  show  little  that  is  significant.  In 
this  series,  in  the  two  "normal"  cases,  there  were  7.47  grams  (2.97 
per  cent)  and  7.70  grams  (2.7  per  cent)  of  glycogen  in  the  liver. 
Much  less  was  found  in  the  dogs  which  were  killed  during  convul- 
sions, being  3.26,5.81  and  2.28  grams  (2.00, 1.48  and  1.31  percent). 

The  following  table  shows  the  quantity  of  glycogen  found  in 
the  liver  at  diflFerent  hours  after  giving  50  grams  of  dextrose,  and 
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this  is  compared  with  the  quantity  of  dextrose  absorbed  from  the 
intestine  as  actually  determined. 

The  infiuence  of  ingesting  50  grams  of  dextrose  on  the  glycogen  content  of  the 

liver. 


OBXTBOSB  nfGBflTBD 

• 

UVBR  Ql 

Absorbed 

Preaent  In  bod^" 

;  but  unoxkilBea 

(calculated) 

gram* 

37.1 
28.4 
23.6 
29.0 
1        32.4 

LTCOGKN 

One  hour 

41.5 
37.2 
32.4 
42.6 
50.0 

gravM 

12.75 
7.95 

11.90 
6.21 

21.28 

percent 

3.33 

Two  hours 

3.30 

Two  hours 

3.85 

Three  hours 

2.56 

Pour  hours 

7.24 

The  respiration  experiments  in  the  last  paper  showed  that  about 
16  calories  of  carbohydrate  were  oxidized  per  hour  during  the 
second  and  third  and  fourth  hours  in  a  dog  similar  in  size  to  those 
here  employed.  This  is  the  equivalent  of  4.4  grams  of  dextrose 
per  hour.  This  must  be  considered  a  minimal  value  as  it  was 
obtained  in  a  dog  in  complete  repose.  Adopting  this  value  for 
all  the  different  periods  described  above,  it  is  possible  to  estimate 
the  maximal  quantity  of  the  absorbed  dextrose  which  could  have 
been  present  and  unoxidized  in  the  organism  at  the  end  of  any 
given  experiment. 

One  point  stands  out  clearly  and  that  is  that  during  the  period 
of  high  metabolism  dextrose  is  not  retained  in  the  liver  in  any 
considerable  quantity.  The  larger  part  of  the  absorbed  dextrose 
passes  to  other  tissues.  Only  at  the  end  of  four  hours  and  after 
complete  absorption  of  all  the  dextrose  from  the  organism,  does 
glycogen  appear  in  large  quantity  in  the  liver.  This  fourth  hour 
is  the  last  hour  of  the  high  metabolism.  While  it  is  refiizecf  that 
it  is  dangerous  to  draw  too  sweeping  conclusions  from  a  single 
experiment,  still  it  seems  very  probable  that  the  end  of  the  fourth 
hour  is  marked  by  a  reduction  of  the  flood  tide  of  carbohydrate 
material  to  the  tissues,  the  excess  being  deposited  in  the  liver. 
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d.  The  qaanlity  of  urine  secreted. 

In  paper  three  of  this  series,  it  was  noticed  that  after  giving  50 
grams  of  dextrose  in  solution  to  a  dog,  there  was  a  large  secretion 
of  urine  during  the  fourth  hour,  which  terminated  the  period  of 
high  metabolism.  In  the  present  series  of  experiments,  a  dog 
was  used  weighmg  between  7  and  8  kgms.  The  animal  was  first 
starved  for  two  days,  then  on  a  third  day  of  fasting  received  160 
cc.  of  water  and  on  the  evening  of  that  day  and  thereafter  received 
the  standard  diet.  On  various  occasions  at  noon,  he  received 
20  grams  and  50  grams  of  dextrose  dissolved  in  160  cc.  of  water 
and  76  grams  of  dextrose  in  200  cc.  of  water.  These  experiments 
were  designed  to  reproduce  the  conditions  described  in  paper  three. 

The  urine  was  obtained  by  means  of  a  sterile  catheter.  At  noon 
the  bladder  was  washed,  at  first  with  warm  water  and  then  with 
a  solution  of  boracic  acid.  Then,  during  the  exp>erimental  period, 
the  bladder  was  emptied  at  the  end  of  each  hour,  without  washing 
it.  When  the  last  portion  of  urine,  was  removed,  the  bladder  was 
washed  with  boracic  acid  solution  to  prevent  infection.  The 
results  are  summarized  in  the  following  table  and  are  graphically 
presented  in  the  accompanying  chart. 

Influence  of  dextrose  solutions  upon  the  hourly  secretion  of  urine. 


PAST- 

INQ 
2  DATS 

FAST- 
ING 
3  DATS 

150  C?C. 
WATER 

28.0 

STANDARD  DIRT  18  HOURS  BRTORB  POOD 

TIMK 

150  cc.  water  and 

300  oe. 
water  and 

20  crams 
deztroee 

50  grams 
dextrose 

50  grams 
dextrose 

7.0 

50  grams 
dextrose 

75  grams 
dextrose 

p.m. 

12.00-1.00 

7.0 

11.5 

4.5 

4.0 

6.5 

1.00-2.00 

2.0 

27.0 

23.0 

6.0 

7.5 

4.0 

6.0 

2.00-3.00 

4.5 

28.0 

13.0 

8.5 

12.0 

12.5 

7.0 

3.00-4.1)0 

2.5 

17.5 

22.0 

100.0 

88.5 

18.5 

4.00-^.00 

28.5 

66.5 

19.0 

890 

5.00-6.00 

22.0 

10.0 

6.00-7.00 

16.0 

Total 

18.0 

100.5 

41.0 

231.0 

138.0 

127.0 

It  is  apparent  from  these  figures  that,  if  water  be  given  alone, 
it  is  quickly  eliminated.    If  the  same  quantity  of  water  be  given 
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Chart  zllxtstratino  thb  influbncb  of  inqbbtbd  dextrosb  solutions 

upon  thb  hourly  volume  of  thb  urine. 

Straight  lines  »  hourly  urinary  secretion  during  (a)  fasting;  (6)  after 
150  cc.  water;  (c)  50  grams  dextrose  in  150  cc.  water;  (d)  50  grains  dextrose 
in  150  cc.  Dotted  line  (e)  »  50  grams  dextrose  in  150  cc.  water.  Dash 
and  dot  line  (f)  «  75  grams  dextrose  in  200  cc.  Star  line  (g)  »  20  grams 
dextrose  in  150  cc. 
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with  20  grams  of  dextrose;  there  is  at  first  some  hindrance  to  its 
elimination.  If  50  grams  of  dextrose  be  added  to  150  cc.  of  water, 
the  result  of  its  ingestion  is  to  reduce  the  quantity  of  urine  elimi- 
nated during  the  first  two  hours  to  practically  the  fasting  mini- 
mum; during  the  third  hour  there  is  a  slight  increase  and  during 
the  fourth  hour  the  elimination  of  urine  rises  to  large  volume, 
declines  in  the  fifth  hour  and  becomes  greatly  reduced  in  the  sixth 
and  seventh  hours.  A  similar  picture  is  presented  when  76  grams 
of  dextrose  are  given  in  200  cc.  of  water,  only  the  minimal  excre- 
tion lasts  three  hours  instead  of  two,  there  is  a  slight  increase  dur- 
ing the  fourth  hour  and  the  large  increase  in  volume  takes  place 
in  the  fifth  hour.  In  Dog  II  in  the  previous  paper,  after  giving 
50  grams  of 'dextrose,  the  fourth  hour  marked  the  end  of  the  high 
metabolism  and  it  is  here  found  to  be  the  hour  of  large  urinary 
excretion.  In  the  same  dog,  after  giving  75  grams  of  dextrose, 
the  high  metabolism  continued  during  the  fifth  hour,  which  cor- 
responds to  the  hour  of  the  largely  increased  output  of  urine  in 
the  present  experiment. 

The  nitrogen  eliminaiion  is  shown  in  Table  II.  These  results, 
however,  are  not  as  reliable  as  those  given  for  Dog  II  in  the  last* 
paper  because  the  bladder  was  not  washed  at  the  end  of  each 
period,  and  strictly  comparable  results  could  not,  therefore,  be 
achieved.  In  general,  however,  a  confirmation  of  the  former 
results  has  been  obtained;  there  is  a  small  output  of  nitrogen 
during  the  period  of  diminished  urine  secretion  and  a  larger  output 
during  the  period  of  diuresis. 

e.  The  hemoglobin  content  of  the  blood. 

Making  use  of  the  same  dog,  blood  for  hemoglobin  tests  was 
obtained  every  hour  immediately  after  catheterization.  The 
blood  was  obtained  by  cutting  a  small  ear  vessel,  usually  an  artery, 
and  taking  a  sample  of  the  freely  flowing  blood.  The  incision 
was  reopened  every  hour  with  little  difficulty  and  the  ear  was 
washed  with  an  antiseptic  solution  after  taking  the  blood.  The 
determinations  were  made  by  the  Fleischl-Miescher  method, 
using  accurate  pipette  dilutions.  A  count  of  the  red  blood  cells 
was  made  as  a  check  with  regard  to  the  reliability  of  the  hemoglo- 
bin determinations.     It  was  repeatedly  found  that  twenty-four 
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TABLE  II. 
The  effect  of  ingested  dextrose  solutions  upon  the  quantity  of  urine  eliminated 
and  upon  the  dilution  of  the  blood  as  indicated  by  the  per  cent  of  hemoglobin 
in  it. 


OIBT 


Starved  48  hours 


150  cc.  HtO  at  12.00    < 


20  grams   dextrose, 
150  cc.  H,0  at  12.00  { 


50  grains   dextrose, 
150  cc.  H,0  at  12.00  < 


50  grams   dextro^, 
150  cc.  HtO  at  12.00 


50  grams   dextrose, 
150  cc.  HiO  at  12.00 


50  grams   dextrose, 
150  cc.  HiO  at  12.00 
noon 


75  grams   dextrose, 
200  cc.  HtO  at  12.00  { 


TIITB 

UBINB  PSB 
HOUR 

NITBOGKN  PXR 
HOUR 

HEMOOLOBIN  AT 
■ND  or  HOUR 

p.  tn, 

12.00-1.00 

CC. 

7.0 

gram 

percent 
104 

1.00-2.00 

2.0 

100 

2.00-3.00 

4.5 

99 

3.00-4.00 

2.6 

102 

12.00-1.00 

28.0 

103 

1.00-2.00 

27.0 

101 

2.00-3.00 

28.0 

101 

3.0(M.OO 

17.5 

103 

12.0d-1.00 

11.6 

. 

99 

1.00-2.00 

23.0 

100 

2.00-3.00 

13.0 

96 

3.0(M.OO 

Lost 

96 

4.00-6.00 

28.5 

96 

12.00-1.00 

8.0 

92 

1.00-2.00 

6.5 

83 

2.00-3.00 

4.6 

81 

3.0(M.OO 

9.0 

97 

4.00-5.00 

Lost 

12.00-1.00 

4.6 

0.0730 

102 

1.00-2.00 

6.0 

0.1039 

96 

2.00-3.00 

8.6 

0.2162(?) 

3  00-4.00 

22.0 

0.0969 

90 

4.00-5.00 

100 

12.00-1.00 

7.0 

0.1418 

108 

1.00-2.00 

7.6 

0.1769 

99 

2.00-3.00 

12.0 

0.1601 

98 

3.00-4.00 

100.0 

0.1797 

98 

400-5.00 

66.6 

0.1616 

102 

5.00-6.00 

22.0 

0.1336 

107 

6.00-7.00 

16.0 

0.1096 

106 

12.00-1.00 

4.0 

0.0679 

109 

1.00-2.00 

4.0 

0.0927 

80 

2.00-3.00 

12.6 

0.1683 

86 

3.004  00 

88.6 

0.1672 

90 

4.00-5.00 

19.0 

0.1292 

106 

5.00-^.00 

100 

0.1404 

110 

-12.00 

102 

12.00  -1.00 

6.6 

0.0927 

100 

1.00  -2.00 

6.0 

0.0997 

100 

2.00-3.00 

7.0 

0.1404 

101 

3.00  -4.00 

18.6 

0.1263 

96 

4.00  -5.00 

89.0 

0.1644 

90 
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hours  after  food,  the  dog  showed  100  per  cent  of  hemoglobin  in 
the  blood  or  slightly  over  100.  The  method  was  sufficiently  relia- 
ble to  demonstrate  that  in  fasting  and  after  giving  160  cc.  of  water, 
the  hemoglobin  remained  constant  in  quantity;  that,  after  giving 
20  grams  of  glucose  in  150  cc.  of  water,  there  was  a  slight  fall  in 
the  amount  of  hemoglobin;  and  that  giving  50  grams  of  dextrose  in 
150  cc.  caused  little  or  no  effect  during  the  first  hour  but  during 
the  second  hour  it  may  frequently  bring  about  a  fall  of  10  to  20 
per  cent  in  the  percentage  of  hemoglobin  present  in  t}ie  blood.  A 
rise  to  its  former  value  takes  place  only  after  the  elimination  of 
water  from  the  blood  by  the  kidney.  These  experiments  show 
that  after  giving  dextrose  in  solution  per  o«,  a  hydremic  plethora 
may  be  established  in  the  presence  of  a  greatly  diminished  secre- 
tion of  urine,  being  a  direct  contradiction  of  the  theories  of  Starling 
already  discussed,  according  to  which  the  excretion  of  urine  is 
greatly  favored  by  a  condition  of  hydremic  plethora. 

DISCUSSION  AND   SUMMARY. 

After  the  ingestion  of  60  grams  of  dextrose  in  160  cc.  of  water, 
there  is  a  rapid  absorption  of  dextrose  during  the  first  hour,  the 
sugar  in  the  blood  rises  above  its  normal  content  and  the  hemoglo- 
bin content  is  not  profoundly  changed  (the  absorption  of  water  is 
probably  slight  owing  to  the  osmotic  power  of  the  dextrose  solution 
in  the  stomach).  At  the  end  of  the  second  hour,  between  two- 
thirds  and  three-quarters  of  the  sugar  ingested  has  been  absorbed, 
relatively  little  has  been  retained  by  the  liver  as  glycogen,  the 
sugar  percentage  has  become  normal  and  the  blood  usually  more 
dilute  as  shown  by  a  fall  in  the  percentage  amount  of  hemoglobin. 
The  dilution  has  taken  place  as  a  result  of  the  increased  osmotic 
power  of  the  blood  due  to  the  increase  in  sugar  content  found  at 
the  end  of  the  first  hour  and  the  metabolism  is  20  per  cent  higher 
than  before  and  is  at  the  expense  of  dextrose,  this  being  due  to  the 
generous  distribution  of  freely  dissolved  and  uncombined  dextrose 
molecules  to  the  tissues  (see  last  paper).  This  condition  lasts 
through  the  third  hour.  During  the  fourth  hour  the  absorption 
of  dextrose  is  completed,  the  urinary  secretion,  the  volume  of  which 
has  been  almost  at  the  fasting  level,  suddenly  increases  very  largely, 
the  hydremic  plethora  of  the  blood  tends  to  diminish  and  this 
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hour  is  the  last  hour  of  the  increased  metabolism.  In  one  instance, 
at  the  end  of  the  fourth  hour,  a  large  quantity  of  glycogen  was 
found  in  the  liver  (a  condition  not  found  at  the  end  of  the  previous 
hours)  which  suggests  that  the  liver  may  have  been  active  in  the 
removal  of  the  increased  quantity  of  freely  diffusible  dextrose 
previously  within  the  blood  tissues.  With  the  retiun  of  the  blood 
to  its  normal  volume,  the  percentage  content  of  dextrose  is  not 
altered  through  the  concentration  of  the  blood.  The  fifth  hour, 
marked  by  the  retiun  of  the  metabolism  to  its  basal  value,  and 
which  may  be  characterized  by  a  lowered  respiratory  quotient, 
shows  a  lessened  quantity  of  urinary  output  and  a  normal  or  above 
normal  hemoglobin  percentage  in  the  blood. 

With  20  grams  of  sugar  these  reactions  are  much  less  marked. 

With  75  grams  of  sugar  the  high  metabolism  and  the  diminution 
of  the  volimie  of  urinary  secretion  lasts  an  hour  longer  than  with 
50  grams  of  dextrose. 
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STUDIES  IN  BACTERIAL  METABOLISM.    VH. 

By  ARTHUR  I.  KENDALL  and  CHESTER  J.  FARMER. 

(From  the  Laharatories  of  Biological  Chemistry  and  Preventive  Medicine 

and  Hygiene f  Harvard  Medical  School,) 

(Received  for  publication,  July  17,  1912.) 

A  most  fundamental  principle  of  bacterial  metabolism  may  be 
expressed  concisely  by  stating  that  '^  Fermentation  takes  preced- 
ence over  putrefaction;*'*  that  is  to  say,  bacteria  in  general  which 
can  utilize  both  carbohydrate  and  protein,  act  upon  the  former 
in  preference  to  the  latter  when  both  are  present  in  the  same 
medium. 

In  view  of  the  confusion  attending  the  use  of  the  terms  putre- 
faction and  fermentation,  they  must  be  sharply  defined.  By  fer- 
mentation is  meant  ''the  action  of  microorganisms  upon  carbo- 
hydrate,' and  by  putrefaction  is  meant  "the  action  of  micro6r- 
ganisms  upon  nitrogenous  substances."^ 

Bacteria  m  common  with  aU  known  Uving  things  need  nitrogen 
to  build  up  their  bodies;  it  is  self-evident,  therefore,  that  even 
when  carbohydrate  is  being  fermented,  enough  protein  must  be 
broken  down  to  satisfy  their  nitrogen  requirements.  Bacterial 
activity,  therefore,  must  be  sharply  differentiated  into  two  distinct 
processes,  the  structural  and  the  vegetative,  both  functions  being 
essential  for  their  metabolism. 

Nitrogen  is  indispensable  for  the  structural  process,  hence  bac- 
teria must  have  nitrogen  in  their  dietary.  With  the  vast  majority 
of  bacteria,  however,  the  vegetative  process  may  be  satisfied  either 
by  utiUzable  carbohydrate  or  by  protein.  Whenever  bacteria 
can  utilize  both  carbohydrate  and  protein  for  their  vegetative 
activity  (for  fuel)  and  both  are  present  in  themedimn  in  which  these 

^Kendall:  Journ.  Amer.  Med.  Assoc,  Ivi,  pp.  1084-1088. 
*For  a  more  complete  discussion  of  these  terms,  see  Keiuiall:  Journ, 
of  Med.  Res,,  pp.  140-144,  1911. 
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organisms  are  growing,  the  carbohydrate  is  invariably  selected  in 
preference  to  the  protein.  Even  when  protein  is  being  utilized 
for  vegetative  purposes,  the  bacteria  actually  eliminate  nitrogen 
from  the  protein  molecule  and  apparently  utilize  only  the  carbon^ 
hydrogen  and  oxygen  for  their  energy  metabolism  (fuel).  This 
amounts  practically  to  the  use  of  carbohydrate  in  the  last  analysis 
for  fuel  purposes. 

In  the  past,  but  little  effort  has  been  made  to  study  bacterial 
metabolism  quantitatively,  at  least  from  the  comparative  stand- 
point, yet  it  is  largely  from  the  comparative  study  of  different  types 
of  bacterial  metabolism  that  the  fimdamental  principles  can  be 
elucidated.  This  lack  of  diligence  cannot  be  explained  wholly 
by  the  inadequateness  of  the  older  methods;  it  is  rather  attributable 
to  rigid  adherence  to  the  narrow,  botanical  idea  of  morphology 
and  differentiation  of  bacteria  instead  of  the  broader,  dynamical 
consideration  of  bacterial  activity.  The  few  painstaking  studies 
which  have  been  made  along  these  lines  have  failed  for  the  most 
part  becaiise  of  the  neglect  of  the  carbohydrate  factor  in  the  media 
in  which  such  experiments  have  been  carried  out.  For  these 
reasons,  it  is  impossible  to  quote  from  the  literature  any  studies 
which  are  carried  out  along  lines  similar  to  those  presented  below. 

The  results  upon  which  this  summary  is  based  have  been  derived 
from  the  comparative  study  of  a  considerable  nimiber  of  bacterial 
types  using  methods  of  far  greater  accuracy  than  those  previously 
available.  The  types  of  bacteria  represented  in  this  series  cover 
those  commonly  met  with  in  bacteriology,  and  a  sufficiently  large 
number  of  strains  of  each  type  have  been  examined  to  give  definite 
assurance  of  the  physiological  and  chemical  limits  of  each  species. 
The  organisms  selected  for  this  work  have  been  drawn  largely  from 
the  normal  and  pathological  flora  of  the  gastro-intestinal  tract 
where  dietary  alternations,  comparable  with  those  to  which  these 
bacteria  are  subjected  culturally,  are  commonly  met  with. 

The  methods  employed  have  been  described  critically  in  previous 
communications,*  and  will  not  be  referred  to  here  other  than  to 
state  that  the  limits  of  error  are  much  less  than  the  thickness  of 
the  lines  shown  in  the  various  curves  at  the  end  of  the  paper. 

Similarly,  the  analytical  results  have  been  presented  in  previous 

'  Folin  and  Farmer:  this  J  our  naif  xi,'p.  493;  Folin  and  Macallum:  ibid., 
xi,  p.  523;  Kendall  and  Farmer:  ibid.,  xii,  pp.  13, 19,  1912. 
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articles.^  It  is  the  purpose  of  this  communication  to  plot,  analyze 
and  synthesize  these  results.  The  appended  curves,  accurately 
constructed  from  these  anal3rtical  figures,  show  graphically  the 
effects  of  carbohydrate  upon  bacterial  metabolism.  These  curves 
furthermore  illustrate  in  a  striking  manner  the  diversity  of  types 
of  bacterial  metabolism  in  media  of  the  same  composition;  yet  in 
spite  of  these  diversities  the  sparing  action  of  carbohydrate  for 
protein  is  apparent,  except  in  the  strictly  "camivorous"organisms, 
B.  alcaligenes  and  H-61. 

The  frankly  pathogenic  organisms  associated  with  toxemia  in 
the  human  body,  as  typhoid  and  dysentery  (both  Shiga  and  Flex- 
ner),  break  down  but  little  protein,  as  is  shown  by  the  small  amount 
of  ammonia  liberated  in  the  sugar-free  medium,  when  they  are 
using  protein  for  fuel  as  well  as  for  structural  purposes.  The 
amount  of  ammonia  liberated  by  the  less  frankly  pathogenic  organ- 
isms increases  progressively  as  the  more  saprophytic  types,  e.g., 
B.  proteus,  are  approached.  At  first  sight,  cholera  might  seem  to 
be  an  exception  to  this  generalization.  It  must  be  remembered, 
however,  that  cholera  may  be  a  rapidly  fatal  disease,  the  entire 
course  from  infection  to  death  taking  place  within  twelve  hours. 
This  contrasts  strikingly  with  diseases  such  as  typhoid,  where  the 
incubation  period  alone  is  about  fourteen  days  on  the  average. 
The  proteoljrtic  activity  of  cholera  may  be  eflfectively  checked  by 
the  presence  of  dextrose. 

It  will  be  seen  from  the  curves  that  the  proteolytic  activity,  but 
not  the  structural  activity  of  bacteria  (except  the  strictly  carnivor- 
ous tjrpes),  can  be  arrested  by  the  presence  of  utilizable  carbohy- 
drate. The  products  of  proteoljrtic  activity,  which  are  only  formed 
when  bacteria  are  utilizing  protein  for  fuel,  are  alkaUne,  nitrogenous 
substances;  the  products  of  fermentation,  on  the  contrary,  which 
are  formed  when  bacteria  are  utilizing  carbohydrate  for  fuel,  are 
non-nitrogenous,  acid  products.  It  must  be  remembered  that 
all  known  true  toxins  are  nitrogenous,  while  acids  produced  by 
fermentation  are  at  best  but  irritants  and  are  for  the  most  part 
non-nitrogenous.  It  would  appear,  therefore,  that  the  production 
of  toxic  substances  of  bacterial  origin  must  be  the  result  of  pro- 
teolytic (putrefactive)  activity  rather  than  of  fermentative  activity. 

*  Kendall  and  Farmer:  this  Journal,  xii,  pp.  13,  19,  215,  219,  465,  469, 
1912. 
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The  importance  o(  the  sparing  action  of  rarbobydrate  for  protein 
in  the  li^t  of  toxin  production  most  be  apparent. 

We  bdieve  that  the  principle  daddated  above  is  not  limited 
to  bacteria  alone,  but  that  it  is  in  reatitya  general  and  fundamental 
principle  of  cellular  metabolism. 

EXPLAXATIOS  OF  ChaBTS. 

The  solid,  beayy  line  represents  the  production  of  ammonia  in  milli- 
grams of  nitrogen  per  100  cc.  of  culture  medium  in  sugar-free  broth. 

The  84^id,  light  line  represents  the  production  of  ammonia  in  milligrams 
of  nitrogen  per  100  cc.  of  culture  medium  in  dextrose  broth. 

The  broken  heavy  line  represents  reaction  in  terms  of  cubic  centimeters 
of  normal  acid  or  alkali  per  100  cc.  of  sugar-free  culture  medium. 

The  broken  light  line  represents  reaction  in  terms  of  cubic  centimeters 
of  normal  acid  or  alkali  per  100  cc.  of  dextrose  broth. 

The  composite  curve  illustrates  graphically  the  relative  amounts  of 
ammonia  produced  by  various  types  of  pathogenic  and  saprophytic  bac- 
teria; for  convenience  the  different  t3rpes  are  drawn  in  the  same  figure  to 
bring  out  forcibly  the  difference  in  ammonia  production  in  sugar-free  broth 
between  these  types.  It  will  be  seen  that  the  production  of  ammonia  in 
dextrose  broth  is  essentially  the  same  for  all  these  organisms,  excepting 
those  which  can  utilise  no  sugar.  This  ammonia  production  in  sugar- 
containing  broth  is  a  measure  of  the  nitrogen  needs  of  bacteria  for  struc- 
tural purposes  as  contrasted  with  the  fuel  needs. 
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INTRODUCTION. 

Since  Daddi*  discovered  that  Sudan  III,  when  fed  incorporated 
with  fat,  is  absorbed  and  laid  down  in  the  adipose  tissue  of  animals, 
various  experimenters  have  used  the  dye  as  a  means  of  studying 
problems  connected  with  fat-  metabolism.  The  possibilities  of 
this  method  have  not  been  exhausted,  and  the  present  investigation 
was  aimed  to  extend  the  application  of  fat-soluble  dyes  to  the  solu- 
tion of  some  of  the  unanswered  questions. 

The  dyes  used  were:  Sudan  III  (Kahlbaum);  Biebrich  Scarlet 
(Aniline  Red,  R.  Medicinal.  Merck) ;  Indophenol  (H.  A.  Metz  and 
Company);  Oil  Soluble  Green  (H.  A.  Metz  and  Company);  Oil 

*  A  preliminary  report  of  some  of  the  data  recorded  here  was  presented 
to  the  Society  for  Experimental  Medicine  and  Biology  (cf.  Proceedings, 
viii,  p.  126,  1911).  The  essential  facts  in  this  paper  are  taken  from  the 
dissertation  presented  by  Amy  L.  Daniels  for  the  degree  of  Doctor  of  Phil- 
osophy, Yale  University,  1912. 

Mrc/i.  ital.  de  bioL,  xxvi,  142,  1896. 
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Orange  (National  Aniline  and  Chemical  Company);  Blue  Base 
(Hudson  River  Aniline  Color  Works) ;  Dandelion  Brand  Butter 
Color  (Wells,  Richardson  and  Company);  and  Annatto.  These 
are  water-insoluble  compounds  which  are  soluble  in  fat,  fatty  acids, 
alcohol,  ether,  chloroform,  benzene  and  bile,  as  well  as  in  solutions 
of  the  isolated  bile  salts.  They  were  introduced,  dissolved  in  fat 
or  in  lecithin  emulsions  of  oil,*  either  by  feeding  or  by  intravenous, 
subcutaneous  or  intraperitoneal  injections.  The  dyes  deposited 
in  the  fatty  tissue  and  secreted  milk  of  the  experimental  animals 
were  easily  detected  by  the  color;  those  in  the  glandular,  muscular, 
and  nervous  tissue,  and  in  the  fluids  of  the  body — ^the  blood,  lymph 
and  bile — ^were  less  easily  determined.  In  all  cases  2-gram  por- 
tions of  the  tissue  to  be  examined  were  minced,  dried  with  anhy- 
drous sodium  sulphate  and  extracted  with  ether.  The  ether  ex- 
tracts were  filtered,  allowed  to  evaporate  in  white  porcelain 
dishes,  and  the  colors  of  the  residues  were  noted.  The  blood  and 
lymph  were  also  dried  with  anhydrous  sodimn  sulphate;  the  bile 
was  similarly  extracted  with  ether  after  being  dried  down  with 
calcium  oxide  to  form  ether-insoluble  compoimds  of  the  bile  pig- 
ments. 

DEPOSITION    OF    FAT-SOLUBLE    DYES    IN    ANIMAL   TISSUES. 

With  the  exception  of  the  meal  worm,  Tenebrio  molitar,*  the 
infusoria  (Staniewicz)  and  possibly  the  cow*  the  adipose  tissue 
has  been  found  to  be  stained  in  those  animals  into  which  fat, 
stained  with  Sudan  III,  has  been  introduced.  The  animals  investi- 
gated, the  inethods  of  introducing  'the  stain  and  the  results  ob- 
tained, are  summarized  in  the  table  on  pages  74  and  75. 

Although  the  time  required  to  stain  the  adipose  tissue  of  animals 
of  different  species  has  been  noted  only  incidentally,  it  would  seem 
from  the  results  reported  that  it  varies  considerably.  Riddle  has 
observed  that  rabbits  and  turtles  absorb  Sudan  III  less  rapidly  than 
the  fowl,  in  which  the  fatty  tissue  is  colored  after  one  or  two  days' 

feeding.    The  red  stain  appeared  in  the  yolk  of  the  eggs  of  hens, 

• 

•  This  emulsion,  supplied  by  Fairchild  Bros,  and  Foster,  consisted  of 
5  per  cent  lecithin,  45  per  cent  peanut  oil  and  50  per  cent  water. 

•  Biedermann:  Arch.  f.  d.  ges.  Physiol. ^  Ixxii,  p.  105,  1898. 

•  S.  H.  and  S.  P.  Gage:  Science,  xxviii,  p.  494,  1908;  Anatomical  Record, 
ill.  1909. 
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and  in  the  milk  of  rats  after  one  feeding,  whereas  the  cow  observed 
by  S.  P.  and  S.  H.  Gage*  gave  no  evidence  of  Sudan  absorption 
after  four  days  of  Sudan  feeding. 

ExPERiBiENTAL.  Feeding  experiments  with  Suda%  III  were 
carried  out  with  rats,  cats,  guinea  pigs,  pigeons,  hens,  frogs,  a  cow 
and  a  goat.  The  results  were  comparable  with  those  of  the  earlier 
investigators.  After  a  single  feeding  of  deeply  stained  food,  colored 
fat  was  found  in  the  milk  of  cats  and  rats,  and  in  the  egg  of  the  hen. 
Pigeons,  after  five  days,  showed  a  distinct  pink  coloration  of  the 
subcutaneous  tissue  through  the  skin;  at  autopsy,  the  fatty  tissue 
was  found  to  be. distinctly  stained.  Three  guinea  pigs,  to  which 
were  given  two  gelatin  capsules,  each  containing  80  mgms.  of 
Sudan  III,  every  second  day  for  four  weeks,  gave  no  evidence  of 
stained  tissue;  two  guinea  pigs,  given  2  cc.  of  stained  oil  every 
second  day  for  three  weeks,  contained  faintly  pink  adipose  tissue. 
Frogs  were  fed  for  three  weeks  during  the  hibernating  period  with 
meat  liberally  mixed  with  stained  oil;  throughout  the  experiment 
they  were  kept  in  a  room  at  20®C.  In  no  case  did  the  fatty  tissue 
of  these  become  stained.  The  cow  secreted  no  stained  milk  even 
after  seven  succ^sive  feedings  of  7.6  grams  of  Sudan  dissolved 
in  oil;  whereas  the  milk  of  the  goat  was  faintly,  but  distinctly,  pink 
after  one  feeding  of  Sudan-stained  food. 

It  will  be  observed  that,  in  general,  those  animals  (rats,  cats  and 
fowls)  which  absorb  fat  readily,  give  evidence  of  Sudan-stained 
fat  in  less  time  than  those,  like  the  guinea  pig  and  cow,  in  which 
fat  forms  a  smaller  factor  in  the  diet. 

Biebrich  Scarlet^  which  resembles  Sudan  III  in  its  solubilities, 
and  is  not  affected  by  dilute  solutions  of  acids  and  alkalies,  was 
fed  to  pigeons,  rats  and  cats,  with  results  comparable  with  those 
obtained  with  Sudan  III.  The  subcutaneous  tissue  was  colored 
pink.      ^ 

Feeding  experiments  with  indophenol-blue  were  unsuccessful. 
This  dye,  unaffected  by  dilute  alkalies,  changes  to  pale  yellowish 
P'een  when  treated  with  dilute  hydrochloric  acid.  This  color 
change  in  the  stomach  made  it  impossible  to  detect  the  dye  ab- 
sorbed. In  rabbits  and  pigeons  after  subcutaneous  injections  of 
oil  emulsions  colored  with  the  blue  dye  no  fatty  tissue  was  found 

•  Anatomical  Record,  ill,  1909. 
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stained.  The  blood  of  rabbits  taken  from  two  to  six  hours  after 
intravenous  injections  of  indophenol-blue  dissolved  in  oil  emulsion 
3rielded  pink  residues  on  extraction. 

These  results  point  to  the  reduction  of  the  indophenol-blue  to 
indophenol'  by  the  tissues.  The  presence  of  active  reductases  in 
the  various  tissues  of  the  animal  body  has  been  observed  by  Ehr- 
Uch/  Herter,*  Harris®  and  others.  Heflfter^®  reports  that  the 
liver  is  particularly  rich  in  this  enzjrme,  a  fact  which  was  further 
demonstrated  by  us  as  follows: 

Ground  liver  tissue,  to  which  oil  stained  with  indophenol-blue  had 
been  added,  was  allowed  to  autolyze  in  the  presence  of  ■  toluene  at  a  tem- 
perature of  30^0.  After  twenty-four  hours,  the  mixture  had  lost  its  blue 
color  and  had  become  pink;  the  addition  of  hydrogen  peroxide  brought 
back  the  blue  color.  No  change  in  color  took  place  in  a  control  experi- 
ment, carried  out  with  boiled  liver  tissue  under  identical  conditions. 

The  localization  of  falsolvble  dyes  in  the  tissues. 

Analysis  of  the  various  tissues  of  the  animal  body  shows  that 
the  largest  quantity  of  fat  (ether  extract)  is  found  in  the  subcuta- 
neous tissue,  the  fatty  tissue  of  the  abdominal  cavity  and  the  bone 
marrow;  however,  the  muscular,  glandular  and  nervous  tissues 
contain  estimable  amounts.  It  is  reasonable  to  suppose,  therefore, 
that  animals  containing  Sudan-stained  adipose  tissue  would  like- 
wise have  stained  fat  in  the  other  fat-bearing  tissues,  especially 
since  this  dye  readily  reveals  the  presence  of  fat  in  histological 
sections  of  these  tissues.  The  only  investigators  who  even  suggest 
that  the  fat  of  other  than  the  adipose  tissues  may  not  be  colored 
are  Mann^^  and  S.  P.  and  S.  H.  Gage.^^  The  basis  for  Mann's 
statement  that  *' animals  fed  on  oil  colored  with  Sudan  111  show 
only  the  adipose  tissue  stained"  is  not  clear.  S.  P.  and  S.  H.  Gage 
failed  to  find  the  stain  in  the  nerve  fibres  of  the  chicks  developjed 
from  the  Sudan-stained  eggs,  although  the  adipose  tissues  of  these 
were  distinctly  colored. 

^  Das  SavsrstoffbedHrfniss  des  Organismua,  Berlin,  1885. 

•  Amer.  Journ.  of  Physiol.,  xii,  pp.  207,  457,  1904-5. 

*  Bio-chem.  Journ.,  v,  p.  143,  1911. 

'•  Mediziniach  naiurwissenschaftliches  Archiv,  i,  p.  81,  1907-8. 
"  Physiological  Histology,  1902,  pp.  36-7. 
*•  Science,  xxviii,  p.  494,  1908. 
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Bondi  and  Neumann^*  found  that  the  bone  marrow  and  livers 
of  rabbits  were  distinctly  blue  after  the  injection  of  an  emulsion 
of  fat,  stained  with  indophenol,  and  that  the  Kupfer  cells  of  the 
livers  of  rabbits  became  distinctly  pink  after  the  injection  into 
the  circulation  of  an  oil  emulsion  stained  with  Scharlach  Rot.  The 
animals  were  killed  a  few  hours  after  the  injection;  the  adipose 
tissue  had  not  become  stained  in  this  short  time,  and  the  fact  that 
the  liver  cells  contained  the  color  of  the  dye  injected  cannot  be 
taken  as  proof  that  these  cells  store  fat.  The  results  of  subsequent 
experiments  in  this  investigation  pertaining  to  the  mode  of  elimi- 
nation of  fat-soluble  dyes,  to  which  reference  will  be  made  later, 
have  thrown  sotne  light  upon  this  point,  and  make  it  evident  that 
these  observations  of  Bondi  and  Neumann  may  be  otherwise 
interpreted. 

Experimental.  In  order  to  ascertain  whether  stained  fat, 
other  than  that  in  the  distinctly  adipose  tissue,  is  present  in  the 
bodies  of  animals  into  which  fat-soluble  dyes  have  been  introduced, 
2>gram  portions  of  the  tissues  to  be  examined  were  freed,  as 
far  as  possible,  from  extraneous  fat  and  connective  tissue,  finely 
divided,  dried  and  extracted  with  ether  in  accordance  with  the 
method  already  described.  The  dyes  were  administered  dissolved 
in  olive  oil  or  in  lecithin  emulsion  of  peanut  oil.  The  results  are 
summarized  in  the  table  on  pages  78  and  79. 

Discussion.  Negative  results  were  always  obtained  from 
nervous  and  renal  tissues;  from  muscle  when  it  was  freed  from  con- 
nective tissue  or  extraneous  fat  as  in  starvation;  and  in  general 
from  liver  tissue.  Livers  however  from  which  blood  had  not  been 
removed  by  perfusion  or  bleeding  sometimes  showed  traces  of  the 
dye.  In  two  cases  the  livers  from  rats  which  had  been  fed  on  a 
diet  containing  75  per  cent  of  deeply  stained  lard,  3aelded  con- 
siderable quantities  of  the  dye.  These  livers  were  distinctly 
pink,  owing  undoubtedly  to  the  storage  of  the  absorbed  fat  in  the 
liver  cells.  Microscopic  examinations  of  frozen  sections,  however, 
failed  to  disclose  the  dyes,  even  when  chemical  isolation  demon- 
strated  their  presence. 

The  explanation  of  these  results  is  not  clear.  It  may  be  that 
the  form  of  the  fat  in  the  nervous,  muscular  and  glandular  tissues 

"  Zentralbl.  f.  Biochem.  u.  Biophysik,  x,  p.  1453,  1910. 
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8o  Behavior  of  Fat-Soluble  Dyes 

of  the  body  is  quite  different  from  that  in  the  adipose  tissue — that 
it  is  held  in  some  loose  chemical  combination  which  is  no  longer 
capable  of  taking  up  the  stain.  The  present  methods  of  fat  extrac- 
tion and  staining  may  result  in  a  disintegration  of  this  complex 
molecule.  MacLean  and  Williams"  have  advanced  the  theory 
that  the  fat  removed  by  extraction  from  animal  tissues  does  not 
represent  the  form  in  which  the  fat  exists  in  these  tissues,  and 
that  the  fat  is  made  evident  as  the  result  of  certain  post-mortem 
changes  by  which  the  compound  is  broken  up  and  the  fat  liberated. 
Leathes^^  and  Abderhalden  and  Brahm^*  have  suggested  that  the 
fat  of  the  active  tissues  differs  from  that  of  the  storage  tissue.  In 
the  present  investigation  it  was  found  that  the  isolated  ether-soluble 
substances  of  the  brain  can  take  up  the  stain.  This  observation, 
together  with  the  fact  that  the  nervous  tissue  of  Sudan-stained 
animals  is  always  free  from  the  dye,  even  when  the  embryonic  fat 
contained  an  abundance,  as  was  demonstrated  by  S.  P.  and  S.  H. 
Gage^^  in  chicks  developed  from  the  stained  eggs,  adds  weight  to 
the  theory  outlined  above. 

An  explanation  of  the  fact  that  in  a  large  number  of  the  experi- 
ments the  liver  tissue  was  found  to  be  free  from  the  dye,  is  afiforded 
by  the  observation  that  the  fat-solvble  dyes  are  more  soluble  in  bile 
than  in  fat;  and  when  these  dyes  are  irdroduced  into  the  body  in  solu-- 
tion  in  the  fat  they  are  eliminated  in  the  bile.  Added  evidence  in 
favor  of  this  explanation  is  found  in  the  fact  that  the  fat  complex 
in  the  liver  is  not  incapable  of  holding  the  dye  in  combination. 
This  is  shown  by  the  following  experiment: 

A  solution  of  Sudan  III  in  bile  was  injected,  under  pressure,  into  the 
common  bile  duct  of  a  rabbit.  After  20  cc.  had  been  forced  in,  the  liver 
was  removed,  perfused  with  physiological  saline  solution,  comminuted, 
washed  in  cold  running  water  for  twenty-four  hours  and  filtered;  the  resi- 
due, which  was  distinctly  pink,  was  washed  imtil  the  filtrate  gave  no  test 
for  bile  salts  with  Pettenkofer's  reaction;  ether  extracts  of  the  dried  residue 
were  distinctly  pink.  There  could  be  no  doubt  that  the  fat  had  absorbed 
the  stain. 

Conclusions.  Stained  fats,  introduced  into  the  animal  body 
intraperitoneally,  intravenously,  subcutaneously  or  by  absorption 

1*  Bio-chem.  Journ.,  iv,  p.  455,  1909. 
"  Problems  in  Animal  Metabolism,  1906,  p.  72. 
"  Zettschr.  /.  physiol.  chem.,  Ixv,  p.  330,  1910. 
1^  Science f  xxviii,   p.  494,   1908. 
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from  the  alimentary  tract,  are  laid  down  in  the  adipose  tissue  and 
marrow. 

The  renal  and  nervous  tissues  are  free  from  the  stain,  even  when 
the  fatty  tissue  is  deeply  colored;  muscle  tissue,  when  freed  from 
fat,  as  in  extreme  starvation,  contains  no  stained  fat;  the  dye  is 
foimd  in  the  liver  only  when  the  blood  contains  an  abundance,  as 
in  starvation,  or  when  the  animal  has  been  fed  food  containing  a 
large  amount  of  stained  fat  a  few  hours  before  the  examination. 

Liver  fat,  in  situ,  is  capable  of  taking  up  the  stain. 

Indophenol-blue  is  reduced  in  the  body;  this  reduction  takes 
place,  in  part,  in  the  liver;  hence  adipose  tissue  is  not  stained  with 
this  dye. 

AVAILABILITY  OF  STAINED  FAT  IN  METABOLISM. 

Riddle^*  has  suggested  that  adipose  tissue  stained  with  Sudan 
III  is  less  available  to  the  organism  than  unstained  adipose  tissue. 
Inasmuch  as  the  dye  enters  into  no  chemical  union  with  the  fat, 
but  is  merely  dissolved  therein,*^  it  does  not  seem  probable  that 
the  Sudan  III  can  so  change  the  nature  of  the  fat  that  it  cannot 
be  used  as  effectively  by  the  organism  as  unstained  fat.  Ah  indif- 
ferent material,  like  Sudan  III,  might  be  toxic,  or  might  form  toxic 
combinations  in  the  body,  and  thus  affect  organs  dealing  with  fat 
combustion;  but  that  the  fat  itself  is  rendered  unavailable  scarcely 
seems  tenable.  The  non-toxicity  of  Sudan  III  has  been  shown 
by  feeding  animals  over  long  periods  of  time  without  apparent 
deleterious  results. 

Experimental.  In  order  to  determine  if  Sudan-stained  fat 
is  less  available  to  the  organism,  starvation  experiments  were 
carried  out  with  Sudan-stained  rats  and  pigeons;  comparable  experi- 
ments were  conducted  with  normal  animals. 

/.  Pigeon  B.  Fed  with  pulverized  dog  biscuit,  lard  deeply  stained 
with  Sudan  III,  and  cracked  corn  for  three  weeks  before  the  beginning  of 
the  fasting  period.  Subcutaneous  tissue  became  pink.  Weight  of  pigeon 
at  beginning  of  fast  was  297  grams.  Death  in  ten  days.  It  had  lost  116.5 
grams,  39  per  cent  of  its  initial  weight;  all  visible  fat  had  disappeared. 
No  pink  color  was  to  be  seen.    A  slight  trace  of  Sudan  III  was  found  in 


>«  Journ.  of  Exp.  Zodl.,  viii,  p.  163,  1910. 
'•Michaelis:  Virckow^s  Archiv.^  clx,  p.  263,  1901. 
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ether  extract  of  the  tail  gland,  bone  marrow  and  liver;  the  muBcle,  kidney 
and  brain  contained  no  trace  of  the  dye. 

B.  Pigeon  C.  Preliminary  feeding  same  as  B.  Subcutaneous  tissue 
became  noticeably  pink.  Weight  at  beginning  of  fast  294  grams.  Death 
in  eleven  days.  Loss  of  weight  165  grams,  56  per  cent.  No  visible  fat 
remained;  tissues  showed  no  pink  color;  ether  extract  of  liver  and  bone 
marrow  slightly  pink;  of  muscle,  kidney  and  brain,  colorless. 

3.  Pigeon  D.  Fed  Sudan-stained  food  as  in  B  and  C.  After  sixteen  days 
of  fasting  this  animal  died.  It  had  lost  41  per  cent  of  its  initial  weight. 
All  visible  fat  and  stain  had  disappeared  from  the  body.  The  ether  extract 
of  the  bone  marrow  was  slightly  pink;  that  from  the  liver  and  muscle  showed 
no  pink  color. 

4.  Pigeon  E.  A  normal  well-fed  bird,  was  starved  for  sixteen  days,  dur- 
ing which  it  lost  229  grams  or  54  per  cent  of  its  initial  weight.  All  visible 
fat  had  disappeared  from  the  body. 

6,  Pigeon  F,  A  well-fed  normal  bird  which  died  fifteen  days  after  the 
fasting  period  began.  The  loss  in  weight  was  144  grams  or  45  per  cent  of 
its  initial  weight.    All  visible  fat  had  disappeared. 

It  should  be  noted  that  Pigeons  B  and  C  were  kept  during  November 
in  an  unheated  room  with  the  windows  open.  This  doubtless  explains  their 
earlier  death  as  compared  with  pigeons  D,  E  and  F  which  were  kept  at 
about  20'*C.  In  every  case,  however,  the  fatty  tissue  had  entirely  disap- 
peared from  the  body. 

Experiments  with  rats  gave  similar  results. 

6.  Rat  A.  Fed  with  ground  dog  biscuit  mixed  with  lard  deeply  stained 
with  Sudan  III  for  seven  days.  Fasting  period,  three  days.  Loss  in  weight, 
42  grams,  42  per  cent  of  initial  weight.  The  body  was  free  from  all  traces 
of  visible  fat  and  stain. 

7.  Rat  C.  Preliminary  feeding  period,  same  as  A.  Fasting  period  ap- 
proximately sixty  hours.  All  visible  fat  disappeared  from  the  body.  The 
ether  extract  of  the  brain,  liver,  muscle,  kidney  and  subcutaneous  tissue 
left  no  pink  residue. 

8.  Rat  B.  A  normal  well-fed  rat,  which  died  after  a  60  hours'  fast.  The 
loss  in  weight  was  40  grams  or  22  per  cent  of  its  initial  weight.  The  body 
was  free  from  all  visible  fat. 

9.  Control  experiment.  Rat  D.  Was  fed  on  Sudan -stained  food  as  in 
the  previous  experiments,  for  seven  days.  The  subcutaneous  tissue,  omen- 
tum and  fatty  tissue  about  the  kidneys  were  deeply  pink. 

The  result  of  the  control  experiment  affords  evidence  that  the 
adipose  tissue  of  the  experimental  animals  was  similarly  stained 
at  the  beginning  of  the  fasting  periods.  The  further  observation 
was  made  that  rats,  and  in  some  cases  rabbits,  stained  as  the  result 
of  feeding  with  deeply  stained,  fat-rich  food,  excreted  urines  which 
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were  distinctly  pink;  such  urines  were  found  to  contain  both  fat 
and  Sudan  III. 

In  two  experiments  Sudan-stained  pigeons  were  fed  with  un- 
stained foods  after  long  fasting  periods — other  pigeons,  fasting  the 
same  length  of  time  and  under  similar  conditions,  had  died.  At 
autopsy,  the  fatty  tissue  of  these  was  found  to  be  unstained. 

to.  Pigeon  G.  Fed  with  Sudan-stained  fat,  described  in  protocols  1-3, 
starved  thirteen  days;  loss  of  weight,  104  grams  or  29  per  cent.  It  was 
re-fed  and  examined  some  months  later.  All  trace  of  Sudan  had  disap- 
peared; the  ether  extract  of  the  tissues  left  no  pink  residue. 

li.  Pigeon  A,  Previously  fed  with  Sudan-stained  food;  starved  eleven 
days;  loss  of  weight,  104  grams  or  32  per  cent.  It  was  re-fed  until  it  had 
gained  16  grams.  Upon  examination,  no  stained  tissue  was  found.  Ether 
extract  of  subcutaneous  fat,  tail  gland  and  omentum  showed  no  pink  color. 

Discussion.  The  results  of  these  trials  are  not  in  agreement 
with  those  reported  by  Riddle.  Sudan-stained  pigeons  and  rats 
died  in  no  less  time  than  the  unstained  control  animals.  In  both 
cases  the  visible  fat  had  entirely  disappeared,  and,  in  the  stained 
animals,  the  dye  as  well.  Those  animals  which  were  fed  after 
long  fasting  periods  until  there  was  a  marked  increase  in  body 
weight,  contained  no  trace  of  the  former  Sudan-stained  fatty  tissue. 
One  must  conclude  from  these  results  that  stained  adipose  tissue 
is  no  less  available  to  the  organism  than  the  non-Sudan-stained 
fat  and  that  it  is  used  quite  as  readily  and  completely. 

The  disparity  between  our  results  and  those  of  Riddle  is  difficult 
to  explain.  His  observations  that  chicks  fed  on  stained  food 
developed  more  slowly  than  normal  chicks  and  that  hens  ceased 
to  lay  after  considerable  quantities  of  the  dye  had  been  ingested 
may  have  resulted  from  other  causes  than  the  ingestion  of  the 
dye.  It  is  conceivable  that  the  apparent  failure  of  starving  stained 
animals  in  his  experiments  to  utilize  their  fatty  tissues  as  do  normal 
animals  was  the  result  of  impurities  in  the  dye  fed.  Mann^°  has 
observed  that  Scharlach  Rot  given  to  half  grown  kittens  in  large 
doses  causes  vomiting.  We  gave  large  doses  of  Sudan  III,  put 
up  by  an  American  manufacturer,  to  two  cats.  These  died  within 
a  comparatively  short  time  apparently  from  the  effect  of  some  im- 
purity in  the  dye.  Other  cats,  given  equally  large  doses  of  the 
Kahlbaum  dye,  experienced  no  ill  effects.  Riddle's  deductions  from 

"  Personal  conmiunication. 
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his  second  series  of  fasting  experiments  that  stained  animals  under- 
went a  greater  percentage  loss  of  weight  during  starvation  than  do 
imstained  are  unconvincing  by  reason  of  the  fact  that  an  important- 
part  of  his  weighing  records  was  lost. 

THE  FATE  OP  FAT-SOLUBLE  DYES  IN  THE  ORGANISM. 

The  observations  cited  above  have  shown  that  Sudan  III,  depos- 
ited in  the  tissues  as  the  result  of  adding  the  dye  to  the  food,  dis- 
appears completely  during  starvation.  Experiments  upon  cats 
and  rats  gave  no  reasons  for  thinking  that  this  disappearance  is 
due  to  elimination  of  the  dye  by  the  kidneys.  The  fact  that  the 
excreta  of  starving  Sudan-stained  pigeons  contained  the  dye  and 
the  observation  that  the  dye  was  present  in  the  gall  bladders  of 
Sudan-stained  animals  subjected  to  starvation  or  poisoning  with 
phosphorus  or  phlorhizin  turned  our  attention  first  to  the  elimina- 
tion of  fat-soluble  dyes  by  way  of  the  bile.  It  is  well-known  that 
the  bile  is  the  normal  path  of  elimination  of  many  substances. 
From  the  work  of  Abel  and  Rountree*^  on  phenoltetrachlor- 
phthalein  the  assumption  seems  justifiable  that  substances  which 
leave  the  body  exclusively  by  way  of  the  bile  must  be  insoluble 
in  water  and  soluble  in  bile  or  substances  contained  therein. 

Two  preliminary  experiments  were  made  upon  cats,  previously 
fed  with  Sudan  III  and  starved  for  four  days  preceding  the  experi- 
ment. The  bile,  collected  as  it  was  secreted  by  the  liver,  and  the 
blood  yielded  pink  ether  extracts,  while  those  obtained  from  the 
liver  tissue,  washed  free  of  blood  and  bile,  were  colotless.  These 
results  pointed  to  a  transport  of  Sudan-stained  fat  to  the  liver  with 
subsequent  storage  of  the  fat  in  the  liver  and  elimination  of  Sudan 
III  in  the  bile. 

The  elimination  of  fat-soluble  dyes  under  normal  conditions. 

The  dyes,  dissolved  in  lecithin-oil-emulsion,  were  introduced 
into  the  circulations  of  cats,  dogs  and  rabbits  by  injections  into 
the  femoral  veins.  In  each  case  the  urine  contained  in  the  bladders, 
as  well  as  the  liver  tissue  and  bile,  was  examined  for  the  injected 
stain.     The  approximate  time  of  the  appearance  of  the  dye  in  the 

*^  Joum.  of  Pharmacol,  and  Exp.  Therapeulics,  i,  p.  231,  1909. 
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bile  after  its  introduction  into  the  blood  stream  was  incidentally 
noted. 

The  results  of  the  experiments  are  summarized  in  the  following 
table: 

The  excretion  of  fat-soluble  dyes  introduced  dissolved  in  fat. 


RESIDUE 

TIME  OF  AP- 

A  IffTM  A1 

nTK 

COLOR  or 

rROM  ETHER 

PEARANCB 

DTE  IN 

DTE  IN 

A-m^K-Ais 

i#  Z  Ju 

DTK 

EXTRACT  OF 
BILE 

OF  DYE  IN 

BILE 

* 

mintUes 

URINE 

LIVER 

Cat  11,8 

Indophenol 

Blue 

Blue 

30t 

None 

Dog  II,  14. . . . 

Sudan 

Red 

Pink 

30 

None 

Present 

Dog  II,  16.  . . 

Sudan  III 

Red 

Pink 

20 

None 

None 

Cat  11,  21.... 

Indophenol 

Blue 

Blue 

None 

Present* 

DogII,21 ... 

Sudan  III 

Red 

Pink 

60t 

Cat  II,  22. . . . 

Oil  Green 

Green 

Green 

30 

None 

Nonet 

Cat  II,  23. . . . 

Oil  Green 

Green 

Green 

90 

None 

None 

Rabbit  II,  28. 

Biebrich  Scar- 

let 

Red 

Pink 

60 

None 

Present 

Dog  III,  21  . . 

Sudan  III 

Red 

Pink 

60 

None 

None 

Cat  III,  24. . . 

Sudan  III 

Red 

Pink 

75 

None 

None 

Cat  IV, 21.... 

Butter  Color 

Yellow 

Pink 

55 

None 

None 

CatV,2 

,  Oil  Orange 

Orange 

Yellow- 

red 

90 

None 

None 

CatV,6 

'  Blue  Base 

Blue 

Pink 

50 

None  Present  t 

Cat  V,  15 

Butter  Color 

Yellow 

Pink 

None 

*  The  animal  died  fifteen  minutea  after  the  second  injection  of  dye. 
t  The  animal  died  one-half  hour  after  the  injection. 

t  The  addition  of  dilute  hydrochloric  acid  to  the  liver  tissue  resulted  in  a  blue  color, 
animal  died  four  hours  after  the  Injection. 


The 


In  a  number  of  the  experiments  the  residues  from  the  ether 
extracts  of  the  excreted  bile  were  examined  for  fat.  The  ethereal 
filtrates  were  allowed  to  evaporate  from  watch  glasses;  the  residues 
were  heated  gently;  no  melting  of  the  material  took  place  and  no 
grease  spot  was  formed  on  soft  tissue  paper  by  this  residue.  The 
dyes  were  excreted  dissolved  in  bile  and  not  in  combination  with 
fat. 

In  some  cases,  the  color  of  the  residues  from  the  ether  extracts 
of  the  bile  was  not  precisely  like  that  of  the  dyes  injected.  This 
change  in  color  is  the  result  of  the  passage  of  the  dyes  through  the 
body  where  they  are  brought  in  contact  with  hydroxylions.  The 
action  of  dilute  alkalies  on  the  dyes  outside  the  body  causes  a  sim- 
ilar change. 
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The  residues  from  the  ether  extracts  of  the  liver  tissue  were  not 
always  colored;  when  the  animals  were  killed  some  time  after  the 
injection  of  the  stain,  or  when  only  a  small  amount  had  been  intro- 
duced, the  Uver  was  found  to  be  free  from  the  dye.  The  urines 
were  consistently  free  from  stain. 

It  is  obvious  from  these  results  that  fat-soluble  dyes,  when  intro- 
duced into  the  circulation  in  solution  in  faty  become  separated  from 
the  fat  and  are  eliminated  in  the  bile. 

*  Absorption  of  fat-soluble  dyes  into  the  portal  circulation. 

The  next  experiments  were  designed  to  determine  the  r61^ 
played  by  the  bile  and  by  the  fat  in  the  absorption  of  fat-soluble 
dyes  from  the  intestine. 

22.  Dog:  26  kgm.  Fed  at  7.20  a.m.  Two  hours  later  the  animal  was 
anaesthetized,  and  a  cannula  was  inserted  in  the  thoracic  duct.  Twenty 
cubic  centimeters  of  Sudannstained  oil  were  injected  into  the  duodenum 
at  11.15  a.m.,  followed  by  1  gram  of  desiccated  ox  bile  in  solution.  At  12.15 
the  l)rmph  was  intensely  pink.  At  2.00  p.m.,  a  cannula  was  inserted  in  the 
bile  duct.  The  animal  was  killed  by  bleeding  at  5.30  p.m.  Two-gram  por- 
tions of  the  liver  tissue,  10  cc.  samples  of  the  blood,  50  cc.  of  the  lymph  and 
from  2  to  4  cc.  of  the  bile  were  examined.  The  ether  residues  from  the  dried 
lymph  and  bile  were  distinctly  pink,  while  those  from  the  blood  and  liver 
showed  no  trace  of  the  dye. 

28.  Catf  full>-grown.  Fed  at  8.15  a.m.,  was  anaesthetized  at  9.30  a.m. 
A  cannula  was  inserted  in  the  thoracic  duct  at  10.45  a.m.;  after  10  cc.  of 
Sudan-stained  emulsified  oil  had  been  injected  into  the  duodenimi,  a  cannula 
was  placed  in  the  common  bile  duct  and  the  bile  collected  therefrom.  The 
lymph  flowed  freely,  and  at  2.30  p.m.  it  was  distinctly  pink  in  color.  The 
ether  residues  from  the  lymph  and  bile  were  distinctly  pink.  The  blood 
(10  cc.)  taken  at  5.00  p.m.  yielded  no  pink  residue.  The  liver  was  also  free 
from  the  dye. 

These  experiments  show  clearly  that  although  Sudan  III,  intro- 
duced with  fat  into  the  intestine,  is  absorbed  by  the  lacteals  and 
appears  in  the  thoracic  Ijmiph,  it  is  still  absorbed  and  eliminated 
in  the  bile,  under  conditions  which  preclude  the  entrance  of  the 
lymph  into  the  blood.  In  the  latter  case,  neither  the  blood  of  the 
general  circulation  nor  the  liver  tissue  is  stained.  This  behavior 
is  explained  in  part  by  the  observation  that  the  dyes  studied  are 
more  soluble  in  bile  than  in  fat  and  by  the  results  of  the  following 
experiments  which  show  that  the  dyes  may  be  absorbed  from  the 
intestine  into  the  portal  circulation  in  solution  in  bile. 


Lafayette  B.  Mendel  and  Amy  L.  Daniels        87 


Fasting  animals  were  anaesthetized,  a  cannula  inserted  into  the 
bile  duct  and  bile  solutions  of  the  various  dyes  used  in  the  earlier 
experiments  were  injected  into  the  small  intestine.  The  results 
are  summarized  below. 

The  eMcretion  of  fal-soluhle  dyes  absorbed  from  alimentary  trad,  dissolved 

in  bile. 


DTK 


<    COLOBOF 

■*  DYB 


Cat  II,  8 Sudan  III  Red 

Cat  II,  8 '  Blue  Base  ;  Blue 

Cat  III,  10 !  Indophenol  Blue 

Cat  m  10 '  Oil  Green  Green 

Rabbit  III,  20. . .  Biebrich-Scar-' 

let  '  Red 

Cat  V,  29 Oil  Yellow  I  Orange 


RESIDUB 

FBOU  BTHBR 

BXTBACT  or 

BILB 


Pink 
Blue 
Blue 
Brown  pink 

Pink 
Yellow 
pink 


DTE  IN 
LITER 


DTB  IN 
BLOOD 


DTB  IN 
UBINE 


None  None  None 
None   None , 
None  None  None 
None  None  None 


None  None 


None 


The  presence  of  the  dye  in  the  bile  in  these  experiments  and  its 
absence  from  the  blood  of  the  general  circulation  show  cleariy  that 
it  is  absorbed  with  the  bile  by  the  portal  circulation  and  eliminated 
with  the  bile  by  the  liver.  That  none  of  the  dye  entered  into  the 
general  circulation  is  evidenced  by  the  fact  that  the  blood  of  the 
animals  examined — five  out  of  six — gave  no  indication  of  even 
traces  of  the  dye  when  tested  by  a  method  capable  of  detecting 
0.00001  gram  of  Sudan  III  in  10  cc. 

The  two  following  experiments  show  that  when  bile  is  not  present 
with  the  dye  in  the  intestine,  no  absorption  of  the  dye  in  the  portal 
circulation  occurs. 

Stained  fat  was  introduced  into  a  loop  of  the  upper  intestine 
after  this  had  been  washed  out  with  physiological  saline  solution 
to  remove  all  traces  of  the  adherent  bile.  The  bile  excreted  under 
these  conditions  was  free  from  the  stain,  although  in  one  case  (cf . 
protocol  24)  the  thoracic  Ijrmph  showed  that  a  slight  amount  of 
fat  absorption  had  taken  place;  in  the  other  experiment  (cf.  proto- 
col 25)  both  bile  and  lymph  contained  no  dye  until  after  the  intro- 
duction of  a  bile  solution  into  the  intestinal  loop,  when  the  excreted 
bile  was  found  to  contain  Sudan  III,  although  the  lymph  was  still 
colorless. 
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24-  Dog:  20  kgm.  Narcotized  with  morphine  and  ether.  A  temporary 
lymph  cannula  was  inserted  at  10.00  a.m.,  and  a  bile  cannula  at  10.45  a.ni. 
A  12-inch  loop  of  the  intestine  was  tied  off  just  below  the  pylorus  and 
washed  out  with  physiological  saline  solution,  at  body  temperature,  until 
the  washings  were  clear.  Sudan-stained  oil,  together  with  a  solution  of 
0.1  per  cent  HCl,  introduced  to  increase  the  pancreatic  secretion,  were 
injected  into  the  intestinal  loop  at  11.00  a.m.  Bile,  collected  at  12.00  m., 
2.00  p.m.  and  3.30  p.m.,  when  dried  and  extracted,  left  no  pink  residues. 
Seventy  cc.  of  lymph,  collected  between  2.00  and  3.30  p.m.,  contained  a 
small  amount  of  Sudan  III;  the  ether  extract  of  dried  blood  was  unstained. 

26.  Dog:  8  kgm.  Anaesthetized  with  morphine  and  ether  at  9.45  a.m. 
The  insertion  of  the  temporary  l3rmph  cannula  immediately  preceded  that 
of  the  bile  cannula.  The  intestine  was  ligated  just  below  the  pylorus 
and  14  inches  below  it.  This  loop  was  washed  out  with  physiological 
saline  solution  until  the  washings  were  clear.  Approximately  10  cc.  of 
Sudan-«tained  emulsified  oil,  together  with  10  cc.  of  0.1  per  cent  HCl  were 
introduced  into  this  loop.  The  bile  collected  at  3.30  p.m.  left  no  pink  resi- 
due; the  lymph  also  was  free  from  dye.  At  3.30  p.m.,  10  cc.  of  a  solution 
of  desiccated  ox  bile  were  injected  into  the  intestinal  loop.  The  bile  col- 
lected at  7.30  p.m.,  3.5  cc,  showed  the  presence  of  the  dye,  while  the  lymph 
taken  at  this  time,  25  cc,  left  no  pink  color  when  extracted. 

The  elimination  of  the  dye  in  the  bile  during  fat  absorption,  under 
conditions  where  the  stained  fat  was  prevented  from  entering  the 
general  circulation,  was  undoubtedly  due  to  the  migration  of  the 
dye  from  the  fat  to  the  bile  in  the  intestine  and  its  subsequent 
absorption.  There  is  no  reason  to  believe  that  the  dye  in  the 
excreted  bile  was  the  result  of  absorption  of  stained  fat  into  the 
portal  circulation.  Had  such  been  the  case,  the  dye  would  have 
been  present  in  the  excreted  bile  in  experiment  24,  as  well  as  in  the 
lymph. 

V 

The  time  required  for  the  absorption  and  deposition  of  fat,  studied 

by  means  of  fai'solvble  dyes. 

The  fadt  that  fat-soluble  dyes  are  eliminated  in  the  bile  explains 
some  hitherto  inexplicable  phenomena  observed  in  the  work  with 
Sudan  III.  Earlier  in  this  investigation  an  attempt  was  made  to 
determine  the  length  of  time  required  to  lay  down  the  fat  absorbed 
from  the  alimentary  tract.  Stained  fat  was  fed  to  rabbits  and 
cats;  and  samples  of  blood,  taken  from  the  ear  veins  of  the  rabbits 
and  the  jugular  veins  of  the  cats,  were  examined  for  the  circulating 
dye.     The  stain  was  still  found  to  be  present  in  the  blood  of  rabbits 
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one  week  after  the  last  stained  feeding;  and  the  blood  of  the  cats» 
tested  from  four  to  five  weeks  aftfer  the  last  Sudan-feeding,  left 
distinctly  pink  residues.  Oil  emulsions  stained  with  Sudan  III  and 
Biebrich  Scarlet  gave  similar  results  when  injected  into  the  cir- 
culation of  rabbits.  The  blood  of  these  was  found  to  contain  the 
dye  three  weeks  after  the  last  injection. 

These  observations  find  their  explanation  in  the  fact  that  dye, 
absorbed  from  the  intestine  into  the  lymph  with  the  fat  and  into 
the  portal  blood  with  the  bile,  again  enters  into  the  intestine  with 
the  bile.  Thus  a  closed  circulation  of  the  dye  is  established  and 
it  is  possible  that  the  blood  of  a  once  Sudan-stained  animal  may 
become  quite  free  from  the  stained  fat  only  after  long  periods  under 
normal  conditions  of  feeding.  Animals  examined  months  after 
the  Sudan-fitained  feeding  had  ceased  contained  deeply  stained 
fatty  tissue. 

The  time  required  for  the  eliminaiion  of  circulating  fat-soluble  dyes. 

An  attempt  was  made  to  ascertain  (in  cats  and  dogs)  the  length 
of  time  necessary  for  the  separation  of  the  dye  from  the  circulating 
fat  and  its  elimination  through  the  bile.  Emulsions  of  stained 
fat,  in  amoimts  varying  from  1  to  10  cc,  were  injected  directly 
into  the  circulation;  cannulae  were  placed  in  the  common  bile 
ducts  and  samples  of  blood  and  bile  were  taken  every  two  or  three 
hours.  In  order  to  facilitate  the  flow  of  bile,  solutions  of  desiccated 
ox  bile  were  injected  into  the  upper  intestine.  The  bile,  blood, 
and  liver  tissue  after  it  had  been  washed  free  from  blood,  so  far  as 
possible,  were  examined  for  the  stain. 

Nine  and  one-half  hours  was  the  longest  period  during  which 
observations  were  made  in  any  experiment;  and  although  in  that 
instance  only  1  cc.  of  the  stained  emulsion  was  injected,  both  blood 
and  bile,  collected  at  the  end  of  this  time,  showed  that  a  consider- 
able quantity  of  stained  fat  was  still  in  circulation.  In  those  cases 
in  which  the  experiments  continued  over  a  comparatively  long 
time,  or  when  a  small  amount  of  the  stained  fat  had  been  intro- 
duced, the  liver  was  free  from  the  stain.  The  Uver  evidently  does 
not  store  up  stained  fat;  the  dye  becomes  separated  from  the  fat 
as  the  stained  fat  comes  in  contact  with  the  bile  in  the  liver  cells. 

Discussion.  Fat-soluble  dyes  introduced  into  the  body  in 
solution  in  fat  are  secreted  in  the  bile.    These  dyes  may  enter  the 
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body  from  the  alimentary  tract  in  two  ways:  (1)  in  the  lymph,  in 
solution  in  fat;  (2)  through  the  portal  circulation,  dissolved  in 
reabsorbed  bile.  When  the  dyes  are  absorbed  dissolved  in  bile, 
they  apparently  do  not  pass  beyond  the  liver,  but  are  speedily 
reexcreted  into  the  gut,  and  do  not  enter  the  general  circulation 
unless  fat  is  present  in  the  intestine.  The  blood  of  Sudan-stained 
animals,  under  normal  conditions  of  feeding,  is  never  free  from  the 
fat  stain.  The  dye  put  out  in  the  biliary  secretion  is  reabsorbed 
in  the  digesting  fat,  and  a  continuous  circulation  from  gut  to  blood 
and  return  is  established.  The  elimination  of  the  stain  from  the 
circulation,  when  all  possibility  of  reabsorption  is  removed,  takes 
place  slowly.  The  stained  fat  was  found  in  the  blood  of  a  cat 
nine  and  one-half  hours  after  it  had  been  injected  into  the  femoral 
vein. 

FAT  TRANSPORT   IN   STARVATION   AND    PATHOLOGICAL   CONDITIONS! 
PHOSPHORUS  AND  PHLORHIZIN  POISONING. 

We  have  attempted  to  follow  the  migrations  of  Sudan-stained 
fats  under  conditions  in  which  a  transport  of  fat  is  well-known  to 
occur,  namely,  in  starvation  and  after  poisoning  with  phosphorus 
or  phlorhizin.  The  experimental  animals  were  fed  in  advance 
for  a  period  of  three  to  five  weeks  on  Sudan-stained  food.  Phos- 
phorus was  administered  subcutaneously,  dissolved  in  oil;  phlor- 
hizin similarly  in  solution  in  sodium  carbonate.  Other  details 
of  selected  protocols  are  summarized  in  tabular  form: 


Sudan  III  in  pathological  fat  transport  and  starvation. 


Starvation 


Phosphorus 
poisoning 

Phlorhizin 
poisoning 


Cat  I,  13. . . . 
Cat  I,  18. . . . 
Guinea  pig. . 
Cat  XI,  23.. 
Hen  X,  20. . . 
Hen  XI,  29 . 
Cat  XII,  6. . 
Cat  XI,  19. . 


DX7BATION 

or 

BXPBRI- 
MBMT 

dayi 

5 

5 

1 

9 

4 
19 
12 

7 


PAT 

CONTBNT  OF 

LIVER 


per  cent 

56.0 
33.5 
7.9 
64.3 
59.0 
40.5 
15.8 
11.1 


BTAIN  IN 


BUe 


Present 
Present 

Present 
Present 
Present 
Present 
Present 


Blood 


Present 
Present 
Present 
Present 


Present 
Present 
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Neither  in  the  foregoing  nor  in  numerous  other  comparable 
experiments  in  which  a  transport  of  fat  (fatty  infiltration)  was 
induced,  was  any  evidence  obtainable  of  dye  in  the  extracts  of  the 
liver  tissue  or  in  frozen  sections  thereof.  The  constant  finding  of 
the  Sudan  III  in  both  the  blood  and  bile  makes  it  evident  that 
the  dye  migrates  from  the  stained  adipose  tissue  and  is  brought 
to  the  liver  where  it  is  eliminated  in  the  bile.  The  observations 
give  an  additional  indication  that  the  fatty  livers  in  these  patho- 
logical conditions  are  produced  by  infiltration  of  fat;  for  it  is  diffi- 
cult to  believe  that,  if  the  high  content  of  liver  fat  had  been  ob- 
tained by  a  degeneration  process  in  the  hepatic  tissue,  such  an 
accumulation  of  dye  in  the  bile  would  have  taken  place. 

FAT  TRANSPORT  TO  THE  EMBRYO. 

The  question  of  the  origin  of  foetal  fat  has  been  much  debated;^ 
It  involves  the  broader  problem  of  the  passage  of  substances 
through  the  placental  barrier.  S.  H.  and  S.  P.  Gage  ('08)  failed 
to  find  the  adipose  tissues  of  the  young  stained,  when  stained  fats 
were  fed  to  pregnant  mothers.  Hofbauer  ('05)  believed  that  he 
found  pa?;ticles  of  dye  in  the  foetal  blood  and  assumed  that  they 
had  become  separated  from  fat  metabolized  by  the  embryo.  His 
method — microscopic  examination — is  scarcely  adapted  to  deter- 
mine this  point,  however. 

Numerous  experiments  in  which  we  have  fed  rats  and  cats  with 
Sudan-stained  food  or  Biebrich  Scarlet  throughout  the  period 
of  gestation  have  uniformly  shown  an  absence  of  the  dye  in  the 
foetus  or  the  newly-born  young.  Two  illustrative  protocols,  selected 
from  many  similar  ones,  will  suffice  to  show  our  method  of  inves- 
tigation. 

Rai  C.  Sudan-feeding  was  begim  sixteen  days  before  the  young  were 
born.  The  alimentary  tract  was  removed  from  one  of  them  soon  after 
birth.  Its  contents  were  distinctly  pink  (from  mothers'  milk).  The  ether 
extract  of  the  entire  residual  body  was  uncolored.  Subsequent  examina- 
tion of  the  mother  showed  deeply  stained  adipose  tissue. 


«Cf.  Ahlfeld:  CentrcUbl.  f.  GynaekoL,  i,  p.  265,  1877;  Thiemich:  Cen- 
iralblf,  Physiol. y  xii,  p.  850,  1898;  Jahrb.  f,  Kinderheilk.,  Ixi,  p.  174,  1905; 
Hofbauer,  J.:  Arch.  f.  Gynaekol.,  Ixxvii,  p.  139,  1906;  Oshima:  Zentralbl. 
/.  Physiol. J  xxi,  p.  297,  1907;  Bondi:  Arch.  f.  Crynctekol.,  xciii,  p.  189,  1911. 
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Cat  B.  Was  fed  80  mgms.  of  Sudan  III  every  second  day  for  eighteen 
days  prior  to  birth  of  kittens.  Aside  from  the  stomach  contents  there  was 
no  pink  in  the  ether  extract  of  tissues  of  the  young  examined  soon  after 
birth.    The  adipose  tissue  of  the  mother  was  deeply  stained. 

Although  it  is  unlikely  from  such  findings  that  stained  fat  can 
pass  through  the  placenta,  this  is  not  necessarily  conclusive  evidence 
that  the  foetal  fat  has  its  origin  in  substances  other  than  fat.  The 
findings  in  the  case  of  the  alimentary  epithelial  tissues  and  glandu- 
lar structures  however  add  little  likelihood  to  the  transport  or 
deposition  of  the  fat  in  a  non-stainable  combination. 

FAT  TRANSPORT  INTO  MILK. 

The  precise  relation  of  milk  fat  to  food  fat  and  the  extent  to 
which  the  latter  can  pass  directly  into  the  mammary  secretion 
without  first  becoming  a  part  of  the  body  stores  is  not  easily  deter- 
mined. S.  H.  and  S.  P.  Gage  (^09)  found  Sudan  III  in  the  milk 
of  rats  after  prolonged  feeding  with  the  dye;  this,  however,  is  no 
proof  of  the  immediate  origin  of  the  milk  fat  from  the  food,  since 
the  fat  depots  of  the  rats  were  also  stained.  In  explanation  of  the 
observations  that  foreign  food  fats  have  more  frequehtly  been 
found  secreted  in  the  milk  of  sinaller  animals  (goats,  sheep,  dogs, 
rats)  than  of  cows,  it  has  been  suggested  that  the  milk  secretion  is 
more  directly  dependent  upon  the  food  supply  in  the  smaller 
species.^"  However,  the  marked  differences  in  the  time  required 
to  stain  the  adipose  tissue  of  guinea  pigs  and  rabbits  with  Sudan 
III  in  comparison  with  cats  and  rats,  suggests  that  the  discrep- 
ancies noted  above  may  bear  some  relation  to  the  readiness  with 
which  the  different  animals  absorb  and  store  fat. 

Experimental.  We  have  investigated  the  appearance  of 
Sudan  III  in  the  milk  after  feeding  the  dye  both  before  and  during 
the  period  of  lactation.  When  animals,  notably  cats,  have  refused 
to  eat  stained  fat,  the  dye  has  been  administered  in  capsules  either 
directly  before  or  after  a  meal  rich  in  fat.  This  fact  is  important 
for  successful  results.  In  the  case  of  cats  and  rats  the  character 
of  the  milk  was  determined  by  examining  the  stomach  contents 
of  suckling  young.     Needless  to  say  great  care  must  be  taken  to 

"  Cf.  Lusk:  Science  of  Nutrition,  1909,  p.  237. 
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have  the  cages  scrupulously  free  from  stained  food  which  might 
lead  to  erroneous  conclusions. 

It  is  scarcely  necessary  to  repeat  here  the  details  of  the  many 
trials,  since  the  methods  are  fairly  obvious.  Both  Sudan  III  and 
Biebrich  Scarlet  were  found  to  be  secreted  into  the  milk  by  rats; 
Sudan  excretion  was  likewise  observed  in  cats,  guinea  pigs  and 
a  goat.  In  the  case  of  the  goat,  one  gram  of  Sudan  III  dissolved 
in  oil  was  added  to  the  feed  twice  daily  during  six  successive  days.** 
The  milk  drawn  nine  hoiurs  after  the  first  dose  showed  the  presence 
of  the  dye,  the  tint  increasing  with  the  subsequent  milkings.  The 
guinea  pigs  received  2  cc.  of  stained  oHve  oil  every  other  day. 

An  important  fact  in  this  connection  is  the  observation  that 
the  color  disappears  from  the  milk  when  the  Sudan-feeding  is 
discontinued,  despite  the  persistence  of  the  stain  in  the  adipose 
tissues  of  the  secreting  animals.  This  was  likewise  true  in  exper- 
iments with  Biebrich  Scarlet. 

The  following  protocol  illustrates  the  transport  of  storage  stained 
fat  during  starvation  and  the  passage  of  the  dye  into  the  milk: 

Rat  It.  Was  fed  Sudan-stained  food  during  the  period  of  gestation. 
Soon  after  the  birth  of  the  young,  April  30,  the  cage  was  cleaned  and  un- 
stained food  thenceforth  employed.  On  May  14  the  ether  extract  of  milk 
found  in  the  stomach  of  a  suckling  rat  was  uncolored.  The  mother  was 
now  starved  two  days.  At  the  end  of  this  time  the  milk  in  the  stomach  of 
another  one  of  the  young  gave  a  faintly  pink  ether  extract.  The  adipose 
tissue  of  the  adult  was  found  to  be  stained  still.  This  experiment  was 
duplicated  with  another  mother. 

Like  S.  H.  and  S.  P.  Gage,  we  have  failed  to  induce  the  secretion 
of  Sudan  III  in  the  milk  of  cows.  A  Holstein  cow  was  given  7.5 
grams,  twice  daily,  dissolved  in  oUve  oil  and  added  to  the  mash 
feed  on  three  successive  days,  without  positive  results.  In  con- 
sidering this  we  recall  that  the  milk  of  the  goat  and  guinea  pig — 
animals  in  whose  diet  fat  likewise  plays  a  comparatively  small  r61e 
— was  decidedly  faint  in  color  in  comparison  with  the  milk  of  cats 
and  rats.  Bearing  in  mind  the  necessity  of  fat  for  the  transport 
of  the  dye  an  explanation  at  once  suggests  itself  for  the  inequalities 
here  observed. 

*•  This  experiment  was  conducted  at  the  New  York  Agricultural  Ex- 
periment Station  in  Geneva,  through  the  kindness  of  Director  W.  H.  Jor- 
dan. 
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SUMMARY. 

Some  of  the  fat-soluble  dyes,  introduced  into  the  organism  by 
various  paths,  are  deposited  in  the  adipose  tissues  and  bone  marrow. 
The  renal  and  nervous  tissues  are  free  from  the  stain,  even  when 
the  fatty  tissues  are  deeply  colored.  Muscle  probably  does  not 
take  up  the  dye.  It  is  seldom  found  in  the  liver,  because  the  fat- 
soluble  dyes,  which  are  insoluble  in  water,  dissolve  readily  in  the 
bile  and  are  excreted  thereby  into  the  intestine  from  which  they 
can  be  reabsorbed. 

The  fat-soluble  dyes  may  enter  the  organism  from  the  alimentary 
tract  through  the  lymphatics,  in  solution  in  fat;  or^by  the  p)ortal 
circulation,  dissolved  in  reabsorbed  bile.  They  do  not  pass  beyond 
the  liver  unless  fat  is  present  to  transport  them.  Then  they  may 
be  found  in  the  blood,  which  is  rarely  free  from  the  dye  in  a  nor- 
mally fed  animal  that  has  once  been  stained.  A  cycle  between 
intestine,  bile  and  blood  becomes  established.  No  elimination  of 
the  dyes  occurs  through  the  kidneys,  except  when  an  alimentary 
lipuria  arises  (in  rabbits  and  rats). 

Contrary  to  the  assertion  of  others,  the  stained  fat  is  no  less 
available  to  the  organism  than  the  unstained. 

In  cases  conducive  to  fat  transport — in  starvation,  phosphorus - 
and  phlorhizin-ix)isoning — stained  fat  migrates  from  the  stained 
dep)ots  to  the  blood  and  the  liver  cells.  Here  the  dye  is  separated 
and  secreted  into  the  bile;  so  that  the  liver,  though  having  a  high 
content  of  fat,  may  be  free  from  the  dye. 

Stained  fat  does  not  traverse  the  placenta.  The  blood  of  the 
foetus  and  the  fat  of  young  born  of  Sudan-stained  mothers  is  free 
from  dye. 

The  excretion  of  Sudan  III  and  Biebrich  Scarlet  in  milk,  when 
they  are  given  with  food  fat,  suggests  that  the  latter  may  pass 
directly  into  the  mammary  secretion.  With  cats  and  rats  the 
results  are  striking,  but  the  dye  excretion  in  milk  ceases  when  the 
stained  food  is  no  longer  fed.  In  guinea  pigs  and  goats  the  secre- 
tion of  dye  in  the  milk  is  positive;  in  the  cow  it  has  not  yet  been 
demonstrated.  The  variation  in  the  outcome  in  the  different 
species  may  be  due  to  variations  in  the  relative  abundance  in  the 
dietaries  of  fat  necessary  for  the  absorption  and  transport  of  the 
dye.     This  explanation  is  emphasized  by  the  observation  that  those 
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animals  (cats,  rats,  hens,  pigeons)  for  which  fat  enters  more  largely 
into  the  diet,  become  stained  more  easily  or  speedily  than  animals 
which  are  accustomed  to  ingest  relatively  smaller  amounts  of  fat. 
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SOME  NEW  COMPOUNDS  OF  THE  CHOLINE  TYPE.    H. 

CERTAIN  ACYL  DERIVATIVES  OF  a-METHYLCHOLlNE,  "/8-HOMO- 
CHOUNE"  OS-METHYLCHOLINE)  AND  7-HOMOCHOLINE.» 

By  G.  a.  MENGE. 

{From  the  Division  of  Pharmacology,  Hygienic  Laboratory,  U.  S,  Public 

He€dlh  Service,  Washington,  D.  C.) 

(Received  for  publication,  August  31,  1912.) 

In  a  preliminary  paper*  under  the  same  general  title,  describing 
the  chlorides  of  onnethylcholine, 

^(CH,),  ^(CHa), 

I  /\ 

OMs  C/H3    CH3 

#(CH,). 
ft  ^methylethylcholine,  Cl.N'f  ,    ,  the  wnter  announced 

^CHjCOH 

/\ 
CHs   CsHs 

that  certain  acyl  derivatives  of  a-methylcholine  had  also  been 
prepared.  The  description  of  these  compounds,  however,  was 
deferred  at  that  time,  pending  the  completion  of  certain  minor 
details  of  investigation  essential  thereto.  These  experimental 
details  have  long  since  been  completed  but  the  published  descrip- 
tion of  the  compounds  has  been  still  further  delayed  by  the 
demands  of  other  work.  Such  description  is  here  submitted  to- 
gether with  that  of  several  other  acyl  derivatives  and  certain  of 
their  salts. 

A  number  of  acyl  derivatives  of  a-methylcholine  chloride  have 
been  prepared.     In  all  cases,  except  th^t  of  the  acetyl  derivative, 

*  Submitted,  in  abstract,  to  the  International  Congress  of  Applied  Chem- 
istry, New  York,  September,  1912. 
'  This  Journal,  x,  pp.  399-406. 
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the  method  of  preparation  was,  m  general^  the  same  and  consisted 
in  heating  the  choline  comp>ound  with  a  considerable  excess  of  the 
acyl  chloride,  generally  in  a  sealed  tube  at  100^.  On  pouring  the 
reaction  product  into  dry  ether  the  acyl  derivatives  separated  as 
oils  or  oily  solids  which  were  more  or  less  difficult  to  purify  accord- 
ing as  the  acylation  had  proceeded  smoothly  and  completely  or 
not.  In  all  cases  their  preparation  in  only  small  quantities  was 
attempted,  primarily  for  pharmacological  investigation,  and  any 
study  of  their  general  properties  was  accordingly  restricted. 
The  acetyl  derivative  of  o-methylcholine  (acetyl-iS-methyleth- 

^      ^(CH«), 
oxytrimethylammonium   chloride)   CLN\^  was 

^CHCHtOCOCH, 


CH, 

prepared  by  mixing  about  1  gram  of  the  choline  compound  with 
a  large  excess  of  acetic  anhydride  in  an  acetylation  flask  and 
heating  to  gentle  boiling  for  about  two  hours.  After  cooling,  the 
reaction  product  was  poured  into  a  comparatively  large  volume  of 
dry  ether,  whereupon  the  acetyl  derivative  separated  as  an  oil  or 
oily  solid.  This  was  repeatedly  hashed,  by  thorough  stirring  and 
decantation,  with  successive  portions  of  dry  ether  to  remove  excess 
of  acetic  anhydride  and  the  acetic  acid.  Finally  the  trace  of  ether 
remaining  after  decantation  was  driven  off  by  gentle  heating,  the 
oily  residue  taken  up  in  a  littie  absolute  alcohol  and  the  alcoholic 
solution  evaporated  to  dryness  in  a  vacuum  desiccator  leaving  a 
slightly  oily,  crystalline,  hygroscopic,  white  solid.  The  final  prod- 
uct was  identified  by  means  of  the  platinum  and  gold  salts.  In 
this  connection,  however,  the  platinum  salts  are  considered  the 
better  because,  as  a  rule,  they  are  more  definitely  crystalUne,  less 
soluble,  more  stable,  and  more  conveniently  handled. 
The  platinum  salt  of  acetyl-a-methylcholine, 


j^/(CH,), 
^  .C] 

CH, 


) 


\CH.CH2OCOCH3  1 2  PtCU,  was  prepared  by  dissolving  a 


portion  of  the  chloride  in  a  little  absolute  alcohol  and  precipitat- 
ing with  an  alcoholic  solution  of  chlorplatinic  acid.  A  dense  yellow 
•crystalline  precipitate  resulted.     The  salt  is  insoluble  in  absolute 
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alcohol  but  soluble  in  water  and  in  mixtures  of  alcohol  and  water. 
It  melts'  with  decomposition  at  about  222°-223°  (corrected). 
Analysis  for  platinum  by  ignition  resulted  as  follows: 

0.1535  gram  salt  gave  0.0411  gram  Pt. 

Calculated  for 
CuHwOiNjCUPt:  Found: 

*    Pt 26.70  26.77 

\CH.CH2OCOCH3  I  AuCU,  was  prepared 

CH,  ^ 

in  a  manner  similar  to  the  platinum  salt  just  described  and  also 
by  adding  a  concentrated  aqueous  solution  of  chlorauric  acid  to  a 
concentrated  aqueous  solution  of  the  acetyl  derivative.  In  each 
case  the  salt  separated  as  a  pale  yellow,  crystalline  solid.  Under 
the  conditions  outlined  in  a  previous  footnote  it  melts  at  124°- 
125.5°  (corrected).  Analysis  for  gold  by  ignition  in  the  two  cases 
resulted  as  follows: 

I.    0.1459  gram  salt  gave  0.0574  gram  Au. 
II.    0.1373  gram  salt  gave  0.0540  gram  Au. 

Calculated  for  Found: 

CtHiiOtNCliAu:  I.  II. 

Au 39.48  39.34    39.33 

Benzoyl  derivative  of  a-methylcholine  chloride  (benzoyl-j8-meth- 

ylethoxytrimethylammonium  chloride),  C1.N>^ 

^CH.CHjOCOCeHs 

CH3 
This  compoimd  was  prepared  by  heating   the  a-methylcholine 
chloride  with  a  large  excess  of  benzoyl  chloride,  in  a  flask  with 
reflux  condenser,  to  100°  (water  bath)  for  about  two  hours.    The 
reaction  product  poured  into  dry  ether  yielded  an  oily  precipitate 

'  All  "melting  points'*  here  reported  were  determined  by  the  usual  capil- 
Ury-tube  method  in  a  bath  of  sulphuric  acid,  using  standardized  Anschutz 
thermometers  for  which  a  correction  for  emergent  stem  was  not  considered 
necessary.  The  rate  of  heating  in  all  cases  was  regulated  so  as  to  closely 
approximate  5^  a  minute  within  20°  to  30°  of  the  melting  point.  As  pointed 
out  in  Hygienic  Laboratory  Bulletin  70,  and  as  corroborated  in  this  and 
other  work,  the  decomposition  point  may  vary  quite  widely  with  compara- 
tively slight  variation  in  manipulation. 
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which  was  worked  up  in  the  same  manner  as  the  acetyl  derivative 
except  that  the  last  traces  of  benzoyl  chloride  were  removed  by 
dissolving  the  oily  precipitate  in  water  and  extracting  sever^ 
times  with  ether.  The  aqueous  layer  was  then  evaporated  to 
dryness  in  a  vacuum  desiccator,  containing  concentrated  sulphuric 
acid,  yielding  a  white,  crystalline,  hygroscopic  solid.  The  reac-' 
tion  was  apparently  neither  so  smooth  nor  so  nearly  quantitative 
as  for  the  acetyl  derivative. 
The  platinum  salt  of  benzoyl-a-methylcholine, 

/  N^^^^'^'  \ 

I       ^CH.CHjOCOCeHs  L  PtCU,  was  obtained  by  dissolving  a 

^         CHa  '  ^ 

portion  of  the  above  described  soUd  in  a  little  cold  water  and 
precipitating  with  a  cold  aqueous  solution  of  chlorplatinic  acid. 
It  appeared  to  be  quite  insoluble  in  cold  water  since  careful 
concentration  of  the  mother  liquor  caused  no  further  separation. 
Heated  in  a  capillary  tube  the  salt  begins  to  sinter  definitely 
and  to  darken  above  233°  and  decomposes  with  effervescence  at 
236.5°  to  237.5°  (corrected).  Analysis  for  platinum  by  ignition 
resulted  as  follows: 

0.1178  gram  salt  gave  0.0270  gram  Pt. 

Calculated  for 
CMH4oO«NsCl6Pt:  Found: 

Pt 22.87  22.92 

The  gold  salt,  [      "^CH.CHjOCOCeHs     AuCU,  was  not  easily 

^        CHa  ' 

obtained,  from  the  quantity  available,  in  condition  favorable 
for  accurate  analysis.  It  was  precipitated  from  an  aqueous  solu- 
tion of  the  benzoyl-choline  derivative  with  concentrated  aqueous 
chlorauric  acid  and  separated  as  a  pale  yellow  very  viscous  oil. 
It  is  quite  soluble  in  alcohol  and  sHghtly  soluble  in  hot  water. 

The    phenylaeetyl     derivative    of    a-methylcholine     chloride 
(phenylacetyl-/3-methylethoxy trimethylammonium  chloride) , 

^^-'^v  ,  was  prepared  in  the  following  man- 

\CH.CH2OCOCH2C6H5 


k 


^Hs 
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ner:  About  1  gram  of  a-methylcholine  chloride  was  mixed  in  a 
Carius  tube  with  a  moderate  excess  of  phenylacetylchloride;  the 
tube  was  sealed,  heated  in  boiling  water  for  about  five  hours, 
allowed  to  stand  in  the  cooling  bath  over  night,  and  the  product 
poured  into  dry  ether.  As  in  previous  cases  the  acyl  derivative 
separated  in  an  oily  condition. 

In  order  to  test  the  stability  of  the  phenylacetyl  group  in  the 
molecule  a  small  p)ortion  of  the  oily  product  was  taken  up  in  cold 
water,  extracted  with  ether,  and  the  aqueous  solution  evaporated 
to  dryness  on  a  water  bath.  The  residue  obtained  was  dissolved 
in  alcohol  and  precipitated  with  alcoholic  chlorplatinic  acid.  A 
platinum  analysis  of  the  resulting  salt  indicated,  with  practically 
theoretical  accuracy,  the  platinum  salt  of  a-methylcholine;  sug- 
gesting that  either  the  acylation  had  not  proceeded  at  all  or  com- 
plete saponification  of  the  ester  had  resulted  from  the  treatment 
with  water. 

The  remainder  of  the  original  oily  residue  was  taken  up  in  cold 
water,  extracted  with  ether,  and  a  portion  of  the  aqueous  solution 
treated  at  once  with  aqueous  chlorplatinic  acid.  A  yellow,  more 
or  less  waxy,  precipitate  separated  which  proved  to  be  the  platinum 
salt  of  the  phenylacetyl  derivative, 

^CH.CH20COCH2C«H6  K  PtCl*.     It  is  insoluble  in  absolute 


b 


5H, 

alcohol  but  soluble  even  in  cold  water.  The  attempt  to  concen- 
trate the  mother  liquor  on  a  water  bath,  however,  resulted  in 
decomposition.  On  heating  the  salt  in  a  capillary  tube  it  shows 
the  effect,  slightly,  as  low  as  219°,  turns  dark  gradually  above  229° 
and  decomposes  with  effervescence  at  about  245.7°-246.7°  (cor- 
rected). 
Analysis  for  platinum  by  ignition  resulted  as  follows: 


0.1021  gram  ^alt  gave  0.0225  gram  Pt. 


Calculated  for 
Ct$H4404NiCUPt:  Found: 

Pt 22.14  22.04 

As  in  the  case  of  the  benzoyl  derivative  the  gold  salt  of  the  phenyl- 
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acetyl  derivative,  I      \cH.CH2OCOCH2C6H5  j  AuCU,  separates 

^        CHs  f 

as  an  oil  and  could  not  readily  be  obtained  in  a  condition  favor- 
able for  melting  point  determination  and  analysis.  It  is  readily 
soluble  in  hot  water  and  slightly  soluble  in  95  per  cent  alcohol  but 
appears  to  undergo  decomposition  in  both  cases  as  shown  not  only 
by  analysis  but  also  by  marked  change  in  melting  point.  One 
sample  of  the  salt,  undoubtedly  impure,  melted  slowly  over  a 
wide  range  from  about  140°-160®,  but  on  recrystallizing  from  hot 
water  (yielding  well-formed  crystals)  it  melted  at' about  192°--194'*, 
which  approximates  the  melting  point  of  the  gold  salt  of  a-mfethyl- 
choUne  itself,  197%198.5^  (corrected).  Similar  observations  were 
made  on  the  behavior  of  the  platinum  salt.  It  appears  therefore 
that  the  phenylacetyl  derivative  of  a-methylcholine  is  not  a  very 
stable  compound  either  in  the  form  of  the  chloride,  the  platinum 
salt,  or  the  gold  salt. 

For  the  purpose  of  comparison,  both  physiologically  and  chemi- 
cally, with  the  choline  derivative  just  described  the  corresponding 
derivative  of  "j8-homocholine"*  (j8-methylcholine)  chloride  was 
prepared: 

PhenylacetyliS-methylcholine  chloride  (phenylacetyl-j8-oxypro- 

pyltrimethylammonium   chloride),  Cl.N\^^jj  CHOCOCHCH 


i> 


This  compound  was  prepared  by  heating  a  mixture  of  the  cor- 
responding choline  chloride  and  phenylacetyl  chloride  (in  excess) 
in  a  sealed  tube  to  100®  (water  bath)  for  about  three  hours.  As 
with  the  other  preparations  described,  treatment  with  dry  ether 
precipitated  an  oily  semi-solid  product.  A  portion  of  this  was 
converted  into  the  platinum  salt,  analysis  of  which  indicated  a 
mixture  of  the  unaltered  j8-methylcholine  and  the  desired  deriva- 
tive. 
An  attempt  to  separate  this  mixture  into  its  component  salts  by 

« Other  acyl  derivatives  of  "/3-homocholine*'  have  been  prepared  in  thia 
Laboratory  and  are  briefly  described  by  Hunt  and  Taveau  in  Hygienic 
Laboratory  Bull.  No.  73,  U.  S.  Public  Health  Service. 
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fractional  crystallization  from  hot  water  was  successful.  Two 
distinct  fractions  were  obtained.  The  less  soluble  fraction  showed 
a  melting  point  of  about  250^,  corresponding  to  that  reported  by- 
Hunt  and  Taveau*  for  "j8-homocholine"  platinum  salt.  The 
more  soluble  (smaller)  fraction  melted  at  216°-217°  (corrected), 
and  analysis  for  platinum  indicated  it  to  be  the  platiniun  salt  of 
phenylacetyl-/3-methylcholine, 

NCH2.CHOCOCH2C6H6  L  PtCl«,  as  shown  in  the  follow- 

u        ^ 

ing  data: 
0.1052  gram  salt  gave  0.0233  gram  Pt. 

Calculated  for 
CstH4404NsClcPt:  Found: 

Pt 22.14  22.15 

This  experiment  demonstrated  in  a  striking  way  the  greater 
stability  of  this  particular  derivative  of  j8-methylcholine  as  com- 
pared with  the  same  derivative  of  a-methylcholine  (described 
above)  under  similar  conditions,  and  suggests  the  possibility  of  a 
general  rule  to  the  effect  that  esters  of  secondary  alcohols  are  less 
easily  saponified  than  the  same  ester  of  isomeric  primary  alcohols. 

A  second  preparation  of  phenylacetyl-j8-methylchoUne,  involv- 
ing the  same  quantities  of  reagents  as  in  the  first,  was  made  in  a 
successful  attempt  to  obtain  a  more  quantitative  reaction.  The 
mixture  in  a  sealed  tube  was  heated  in  a  boiling  water  bath  for 
about  seven  hours.  It  was  then  transferred  to  a  tube-furnace  and 
heated  to  150^  for  about  one  hour.  The  reaction  product,  treated 
as  in  previous  preparations,  was  converted  into  the  platinum  salt, 
which  without  recrystallization  analyzed  as  follows: 

0.1076  gram  salt  gave  0.0238  gram  Pt. 

Calculated  for 
•  CtfH440iNtCUPt:  Found: 

Pt 22.14  22.03 

The  gold  salt  of  this  derivative, 

*  Hygienic  Laboratory  Bull.  No.  73,  U.  S.  Public  Health  Service,  footnote, 
p.  33. 
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\CH2.CHOCOCHAH5  J  AuCU,  was  also  prepared,  using 

CH3  ' 

chloride  of  the  base  that  had  been  standing  in  a  vacuum  desiccator 
for  about  four  weeks.  On  adding  chlorauric  acid  to  an  aqueous 
solution  of  the  choline  chloride  the  gold  salt  separated  as  a  pale 
yellow  oil  which  quickly  became  crystalline  on  rubbing.  On  heat- 
ing in  a  capillary  tube  it  sintered  slowly  above  60*^,  fused  with- 
out flowing  at  74.5°-76*',  became  limpid  and  fairly  clear  at  about 
85**  (not  corrected).  Analysis  for  gold  by  ignition  resulted  as 
follows: 

0.1080  gram  salt  gave  0.0374  gram  Au. 

Calculated  for 
Ci4HssOtNCUAu:  Found: 

Au 34.28  34.63 

PYom  the  aqueous  mother  liquor  on  standing  a  considerable 
further  separatioiAof  flaky  crystals  resulted.  In  a  melting  point 
determination  this  fraction  showed  the  same  general  behavior  as 
the  crystallized  oil,  but  at  a  higher  temperature,  fusion  to  a  mushy 
mass  occurring  at  86.5°-88.5°  instead  of  at  74.5°-76**.  Analysis 
disclosed  the  considerably  higher  gold  content  of  36.79  per  cent. 
The  crystallized  oil  fraction,  which  was  slightly  soluble  in  cold 
water  and  in  cold  absolute  alcohol  but  readily  soluble  in  these 
solvents  hot,  was  dissolved  in  a  little  hot  water  from  which  on 
cooling  it  separated  in  flaky  crystals.  This  fraction  showed  a 
further  difference  in  melting  point,  fusing  at  114.5**-115.5°  and 
becoming  a  clear  limpid  liquid  at  118**  (uncorrected).  The  remain- 
ing material  was  insufficient  for  analysis. 

In  view  of  the  data  derived  from  the  platinum  salt  of  this  deriva- 
tive the  above  described  behavior  of  the  gold  salt  would  suggest 
decomposition  of  the  gold  salt  rather  than  serious  impurity  in  the 
original  product,  though  there  is  the  alternative  possibiUty  (which 
was  not  verified)  of  partial  decomposition  of  the  chloride  of  the 
base  on  long  standing  in  a  vacuum  desiccator. 

For  comparison  with  the  phenylacetyl  derivatives  already 
described  the  corresponding  derivative  of  "  7-homocholine"* 

•Other  acyl  derivatives  of  "7-homocholine"  have  been  prepared  in  this 
laboratory  and  are  briefly  described  by  Hunt  and  Taveau  in  Hygienic 
Laboratory  Bull.  No.  73,  U.  S.  Public  Health  Service. 
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^(CHa)! 
Cl.Nv  I  was  also  prepared.    This  com- 

NCHj.CHj.CHaOCOCH^CeHs 

pound  was  prepared  by  the  same  method  applied  to  the  j8-com- 
pound.  Only  two  hours'  heating  in  the  water  bath,  however, 
appeared  sufficient  to  induce  complete  reaction.  As  in  other 
cases  the  crude  reaction  product  was  oily  but  on  concentrating,  in 
a  vacuum  desiccator,  a  portion  of  the  aqueous  solution,  after 
extracting  with  ether,  it  gradually  separated  as  a  white  flaky  solid. 
Another  portion  of  the  aqueous  solution  was  precipitated  with 

chlorplatinic  acid  forming  the  platiniun  salt, 

^(CH,),  \ 

Nf^  UPtCl«.    This  salt  is  practically 

N:)H2.CH,.CHjOCOCH2CeH5/ 
insoluble  in  alcohol  and  difficultly  soluble  in  hot  water  from  which 
it  crystallizes  in  individual,  and  clusters  of,  stocky  prisms.     It  melts 
sharply  with  decomp>osition  at  about  193**  to  194**  (corrected).     On 
ignition : 

0.1031  gram  salt  gave  0.0230  gram  Pt. 

Calculated  for 
CfltH4404NtCl«Pt:  Found: 

Pt 22.14  22.31 

The  gold  salt  of  this  derivative, 
^(CH,),  \ 

^\  I  AuCU,   was  precipitated  from 

XJHjCHjCHjOCOCHiCeHB/ 

aqueous  solution  with  aqueous  chlorauric  acid  and  separated  as 
a  pale  yellow,  crystalline  solid.  It  is  nearly  insoluble  in  cold 
water  and  rather  difficultly  soluble  in  warm  water  from  which  on 
cooling  it  separates  in  flaky  crystals.  The  solubility  in  absolute 
alcohol  is  considerably  greater  than  in  water.  It  melts  slowly 
with  slight  effervescence  at  129°-131°  (corrected).     On  ignition: 

0.1073  gram  salt  gave  0.0370  gram  Au. 

Calculated  for 
CuHbOiNCUAu:  Found: 

Au 34.28  34.48 

The  propionyl  derivative  of  a-methylcholine  chloride  (propionyl- 
3-methylethoxytrimethylammonium   chloride) , 


io6  Compounds  of  the  Choline  Type 

^(CH8)3 

Cl.N/  was  prepared  by  the  same  method 

\CH.CH2OCOCH2CH8 


CHa 

and  procedure  already  fully  described.  Analysis  of  the  crude  gold 
and  platinum  salts  indicated  that  the  reaction  was  still  not  quite 
complete  after  heating  the  mixture  of  a-methylcholine  and  prop- 
ionyl  chloride  (in  excess)  in  a  sealed  tube  for  between  three  and 
four  hours  in  a  boilingwater  bath.  No  attempt  was  made  to  purify 
the  gold  salt,  analysis  of  which,  however,  indicated  a  sufficient 
degree  of  purity  for  preliminary  pharmacological  purposes  as  shown 
in  the  following  data: 

0.2  gram  salt  gave  0.0776  gram  Au. 

Calculated  for 
CtHsoOsNCUAu:  Found: 

Au 38.43  38.8 

The  platinum  salt  was  purified  by  recrystallizing  from  hot  water. 
The  pure  salt  decomposes,  under  the  conditions  previously  out- 
lined (footnote  3),  at  about  231*^-232*'  (corrected).  On  ignition 
for  platinum  analysis: 

0.1101  gram  salt  gave  0.0285  gram  Pt. 

Calculated  for 
CiiHioOiNtCUPt:  Found: 

Pt 25.77  25.88 

Valeryl,   monobromisocapronyl,   and   palmityl   derivatives  of 

a-methylcholine  were  also  prepared  by  the  method  described. 

The  valeryl  derivative  (valeryl-/3-methylethoxytrimethylammo- 

^(CHs)^  CH3 

nium  chloride,  C1.N\  /       was  obtained  in  pure 

XJH.CHjOCOCH 

I  \ 

CHs  CsMo 

form  without  difficulty.    The  platinum  salt,  precipitated  from 

aqueous  solution,  on  heating  in  a  capillary  tube  gradually  sinters 

aboye  219**  and  decomposes  with  effervescence  at  about  228®- 

229**  (corrected).     Ignited  for  platinum: 

0.1526  gram  salt  gave  0.0367  gram  Pt. 

Calculated  for 
CnHiiOiNsCUPt:  Found: 

Pt 23.99  24.05 
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The  gold  salt  separated  as  an  oil  from  both  aqueous  and  alcoholic 
solution.  On  standing  over  night  at  room  temperature  it  crystal- 
lized (prisms).  Heated  in  a  capillary  tube  it  sinters  sharply  at  72® 
and  is  completely  melted  on  slowly  heating  to  76®.  It  is  practically 
insoluble  in  cold  water,  slightly  soluble  in  cold  absolute  alcohol  and 
in  hot  water,  and  readily  soluble  in  hot  alcohol.  Analysis  for  gold 
resulted  as  follows: 


0.1224  gram  salt  gave  0.0449  gram  Au. 


Calculated  for 
CiiHtiOtNCUAu:  Found: 

Au ,  J  ,^ 36.44  36.68 

Subsequent  investigation  of  the  valeryl  derivative,  by  means  of 
platiniun  and  gold  preparations,  indicated  that  it  had  deteriorated 
on  long  standing  in  a  vacuum  desiccator. 

The    monobromisocapronyl    derivative    (a-bromisocapronyl-jS- 
methylethoxytrimethylammonium  chloride), 
a{C1Ib)z  CHs 

Cl.Nv  /       was  obtained  without  seri- 

\CH.CH20.C0.CHBr.CH,CH 

I  \ 

CHs  CHs 

ous  diflSculty,  though  perhaps  not  perfectly  pure,  after  about  five 
hours'  heatingof  thereacting  mixture  in  the  water  bath.  The  plati- 
num salt,  freshly  precipitated  from  aqueous  solution,  appeared  of 
waxy  consistency  but  became  more  granular  on  rubbing  with  a  glass 
rod.  Precipitated  from  alcoholic  solution  it  was  still  more  waxy  in 
character.  It  is  practically  insoluble  in  absolute  alcohol,  cold  or 
hot,  and  in  cold  water,  but  dissolves  slowly  in  hot  water  from  which 
on  cooling  it  separates  in  a  dense  flocculent  mass,  isolated  patches  of 
which  appeared,  imder  the  microscope,  to  be  clusters  of  very  fine 
needles.  The  clean  dry  salt,  heated  in  a  capillary  tube,  decom- 
poses at  about  226°-227**  (corrected).    On  ignition  for  platinum: 

0.1607  gram  salt  gave  0.0291  gram  Pt. 

Calculated  for 
CMHiaOiNsCUBTsPt:  Found: 

Pt .* 19.62  19.31 

The  gold  salt  of  this  derivative,  which  separates  from  aqueous 
solution  (and  persists)  as  a  reddish  oil,  could  not  be  obtained  in 
sufficient  purity  to  give  a  satisfactory  analysis. 
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A  first  attempt  to  prepare  the  palmityl  derivative  of  a-methyl- 
choline  (palmityl-jS-methylethoxytrimethylammonium  chloride), 

^(CHa)a 
Cl.N/  .resulted,  as  determined  by  platinum  salt, 

\CH.CH2OCOC15H31  ' 

CH3 
in  absolute  failure.  The  experiment  was  repeated  taking  special 
precautions  to  use  dry  reagents.  The  mixture,  including  a  larger 
excess  of  palmityl  chloride  than  in  the  first  attempt,  was  heated 
in  a  water  bath  for  about  six  hours  and  allowed  to  remain  sealed  and 
standing  in  the  cooling  bath  over  night.  On  pouri.^  the  reaction 
product  into  dry  ether  a  finely  divided  white  waxy  solid,  more  or 
less  oily,  separated.  This  proved  to  be  so  much  less  soluble  in 
water  than  the  other  acyl  derivatives  that  preparation  of  the  plati- 
num salt  from  aqueous  solution  was  impractical.  Analysis  of  the 
platinum  salt,  precipitated  from  alcoholic  solution,  indicated  the 
reaction  product  to  be  a  mixture. of  unaltered  a-methylcholine 
chloride  and  the  palmityl  derivative.  The  salt  was  treated  with 
hot  water  and  heated  with  stirring  on  a  water  bath.  A  compara- 
tively small  part  of  it  dissolved  readily,  the  rest  remaining  appar- 
ently imaflfected  even  on  the  addition  of  more  water.  The  dis- 
solved portion,  largely  recovered  by  concentration  of  the  mother 
liquor,  gave  analytical  results  for  platinum  which  were  practically 
theoretical  for  the  platinimi  salt  of  the  unaltered  base.  The  undis- 
solved portion  proved  to  be,  as  indicated  by  analyses  for  platinum, 
the  platinum  salt  of  the  palmityl  derivative.  It  is  practically 
insoluble  in  alcohol  and  in  water,  cold  or  hot.  Heated  in  a  capil- 
lary tube  it  decomposes  with  effervescence  at  about  240°-241°. 
Duplicate  analyses  for  platinum  by  ignition  resulted  as  follows: 

I.    0. 1005  gram  salt  gave  0.0172  gram  Pt. 
II.    0.1006  gram  salt  gave  0.0173  gram  Pt. 

Calculated  for  Found: 

C44H9iO«NiCUPt:  I.  II. 

Pt 17.39  17.12    17.2 

The  gold  salt  of  the  palmityl  derivative, 

xCH-CHjOCOCifiHsi  I  AuCU,  was  also  prepared  but  was  not 


A 


a 
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easily  obtained  pure.  It  is  too  soluble  in  absolute  alcohol  to  be 
prepared  in  that  medium  or  to  be  recrystallized  from  it,  but  when 
water  is  added  to  the  alcoholic  solution  the  salt  separates  as  a  pale 
yellow  greasy  precipitate,  which  was  made  more  definitely  crystal- 
line by  washing  with  ether.  It  is  readily  soluble  in  absolute 
alcohol,  slightly  soluble  in  water  and  in  ether.  It  melts  (not 
shmrply)  at  about  the  same  temperature  as  the  gold  salt  of  the 
valeryl  derivative  (72*^-75*').  A  large  part  of  available  salt  was 
lost  by  decomposition  in  attempting  to  dry  it  in  an  air  bath  at 
about  80**.  The  small  remainder  was  more  carefully  dried,  and 
analysed  for  ||old^  by  ignition  (to  constant  weight) : 

0.0980  gram  salt  gave  0.0275  gram  Au. 

Calculated  for 
CstHicOsNCUAu:  Found: 

Au 28.37  28.06 

Since  the  publication  of  the  preliminary  paper  cited  above  the 
development  of  new  compoimds  of  the  choline  type  has  been  con- 
tinued in  this  laboratory,  as  opportunity  permitted,  with  more  or 
less  success.  Some  of  the  results  obtained  in  this  later  work  will 
be  submitted  for  publication  at  an  early  date. 


A  STUDY  OF  THE  TRYPTIC  PROTEOLYSIS  OF 

CYNOSCION  REGALIS. 

By  GEORGE  F.  WHITE  and  ADRIAN  THOMAS. 

(From  the  Laboratories  of  the  U.  S,  Bureau  of  Fisheries ,  Woods  Hole,  Mass,, 
Clark  College,  Worcester,  Mass,  and  Richmond  College,  Richmond,  Va,) 

(Received  for  publication^  September  3, 1912.) 

It  is  frequently  desired  to  compare  the  rate  and  course  of  diges- 
tion of  various  proteins  by  enzymes,  according  to  methods  which 
while  not  complicated  will  give  distinctive  and  reliable  results. 
Van  Slyke's^  method  for  the  determination  of  amino-acids  has  been 
successfully  applied  by  White  and  Crozier^  to  a  comparison  of 
the  tryptic  proteolysis  of  beef  and  several  fish  meats.  The  ease 
of  manipulation  of  the  apparatus,  the  brief  time  required  for  a 
determination  and  the  regularity  of  the  experimental  data,  makes 
the  process  generally  useful.  Also  the  conclusions  drawn  conform 
with  those  from  metabolism  experiments,  making  the  results  of 
still  greater  value. 

The  method  which  Sorensen'  has  proposed  for  the  estimation 
of  amino-acids  and  polypeptides,  by  titration  with  caustic  soda 
after  the  addition  of  formaldehyde,  by  its  simplicity  suggests 
itself  for  artificial  digestion  processes.  It  is  the  object  of  this 
article  to  show  its  application  to  the  hydrolysis  of  Cynoscion  regalis 
(squeteague,  weakfish)  by  trypsin,  and  to  compare  the  results  A\ath 
those  obtained  by  Van  Slyke's  method. 

The  squeteague  was  boiled  in  water  for  one-quarter  of  an  hour,  allowed 
to  drain  from  excess  of  liquid  and  preserved  ice-cold.  An  analysis  of  two 
samples  gave  an  average  of  4.52  per  cent  N. 

The  digestion  was  carried  on  in  250  cc.  volumetric  flasks  placed  in  a 
thermostat  kept  at  a  temperature  of  37.5**C.  Enough  meat  to  furnish  1.5 
grams  of  nitrogen  was  weighed  out,  ground  up  with  water  together  with 


» This  Journal,  ix,  p.  185,  1911. 

^Journ.  Amer.  Chem.  Soc,  xxxiii,  p.  2042,  1911. 

'  Biochem.  Zeitschr,,  vii,  p.  45.  1907. 
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1  gram  of  trypsin,  and  this  mixture  poured  into  the  flask.  Twenty-five 
cubic  centimeters  of  t7  sodiimi  hydroxide  solution  were  added  and  the 
whole  made  up  to  250  cc.  with  water.  A  little  chloroform  was  then  added. 
Trypsin  is  presumably  most  active  in  a  medium  which  is  alkaline  with 
sodium  carbonate,  but  the  presence  of  this  salt  would  interfere  with  the 
titration  for  the  amino-acids  where  phenolphthalein  must  be  used  as  an 
indicator,  so  that  the  alkalinity  was  ensured  by  the  addition  of  the  hydrate. 
Separate  mixtures  were  made  and  analyses  run  in  duplicate  for  the  time 
periods  of  one,  one-half,  two,  five  and  eight  hours  respectively.  A  sample, 
similar  to  the  above  but  containing  no  tr3rp8in,  was  also  prepared  and  ana- 
lyzed with  the  others  according  to  the  following  method. 

At  the  end  of  the  desired  time  of  digestion,  the  mixtures  were  filtered 
and  aliquot  portions  of  the  filtrate  taken  for  the  various  tests.  Ten  cubic 
centimeters  were  used  for  the  determination  of  total  soluble  nitrogen  by 
the  Kjeldahl  method,  10  cc.  for  the  amotmt  of  amino  nitrogen  by  Van  Slyke's 
method  and  20  cc.  were  treated  with  10  cc.  of  40  per  cent  formaldehyde 
solution  and  titrated  to  a  distinct  pink  color  with  tt  sodium  hydroxide 
solution.  We  found  that  in  every  case  an  excellent  end  point  was  obtained, 
duplicate  analyses  agreeing  within  0.2  per  cent.  Finally,  10  cc.  of  the 
filtrate  from  the  digested  fish  were  completely  hydrolyzed  by  prolonged 
digestion  on  the  water  bath  with  40  cc.  of  concentrated  hydrochloric  acid. 
This' solution  was  evaporated  to  dryness,  made  up  to  50  cc.  with  water, 
10  cc.  tested  for  amino  nitrogen  by  Van  Slyke's  method  and  20  cc.  analyzed 
for  amino-acids  by  Sdrensen's  method. 

All  the  results  obtained  as  above  were  corrected  for  amino  nitrogen  before 
and  after  complete  hydrolysis,  for  total  soluble  nitrogen  and  for  amino- 
acids  as  determined  by  titration  with  caustic  soda,  by  carrying  through 
the  same  experiments  with  the  trypsin  and  alkali  but  with  no  protein. 
Correction  was  abo  made  for  the  alkali  required  to  neutralize  the  formal- 
dehyde solution. 

TABLE  I. 

Total  and  amino  nitrogen  in  solutions  of  Cynoscion  regalis, 

Hydrolyzed  by  trypsin. 
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In  table  I  are  presented  the  results  obtained  by  applying  Van 
Slyke's  method  to  the  tryptic  proteolysis  of  squeteague.  The 
average  size  of  the  peptides  was  calculated  by  dividing  the  amount 
of  amino  nitrogen  present  after  complete  hj'drolysis  with  hydro- 
chloric acid  by  that  in  the  solution  before  such  hydrolysis.  The 
last  two  columns  of  data  show  the  increase  with  time  of  the 
proportion  of  soluble  to  insoluble  nitrogen  and  of  amino  to  total 
soluble  nitrogen  respectively. 

The  average  results  of  duplicate  analyses  are  given. 

TABLE  II. 

Analysis  by  S&rensen^s  method  of  soliUions  of  Cynoscion  regalis,      • 

Hydrolyzed  by  trypsin. 
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In  table  II  are  given  the  average  results  of  the  analysis  of  the 
proteolyzed  solutions  according  to  Sorensen's  method.  In  column 
2  the  figures  represent  cubic  centimeters  of  ^  sodium  hydroxide 
solution  required  for  neutralization  after  addition  of  formaldehyde 
solution.  Column  3  is  the  same  for  the  solutions  after  complete 
hydrolysis  with  hydrochloric  acid.  The  next  column  gives  the 
ratio  of  the  latter  to  the  former.  In  colunm  5  are  given  figures 
for  amino  nitrogen  calculated  from  the  data  in  colunm  2,  while 
in  the  last  column  the  values  of  the  calculated  amino  nitrogen 
are  expressed  as  percentages  of  the  total  soluble  nitrogen. 

From  table  I  it  is  seen  from  the  ratio  of  the  soluble  to  total 
nitr(^en  that  the  fish  meat  goes  very  rapidly  into  solution,  74.32 
per  c^t  of  the  nitrogen  being  in  solution  at  the  end  of  one-half 
hour's  digestion.    Solution,  however,  is  not  complete  in  eight  hours' 
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time,  a  fact  which  is  apparently  not  in  harmony  with  the  results 
of  White  and  Crozier/  who  found  with  the  proteins  they  studied 
that  all  the  nitrogen  was  in  the  soluble  f<mn  in  from  four  to  eight 
hours.  The  trypsin  used,  a  commercial  sample,  was  of  the  same 
activity  in  both  series  of  experiments.  These  latter  experiments 
were  carried  on  in  a  medium  made  alkaline  with  sodium  carbonate, 
while  the  experiments  described  in  this  article  required  sodium 
hydroxide  for  reasons  already  stated.  Schierbeck*  has  proved  that 
the  action  of  trypsin  in  digesting  proteins  is  accelerated  by  the 
presence  of  carbon  dioxide  in  solutions  which  are  slightly  alkaline, 


Fig.  1.    Abscissae — ^Time  in  hours. 

Soluble  Nitrogen 


Ordinates— 100  X 


Total  Nitrogen 


Fig.  2.    Abscissae — Time  in  hours. 

ru.j-     *        innv^  Amino  Nitrogen 
Ordmates-100  X  g^i^ble  Nitroi^' 

I  By  S5rensen's  method. 
II  By  Van  Slyke's  method. 


and  it  is  very  probably  at  least  due  partly  to  this  fact  that  the 
above  differences  are  found.  The  variation  of  the  proportion  of 
soluble  to  total  nitrogen  with  increase  of  time  is  shown  graphically 
in  figure  1.  Extrapolation  of  the  ciu-ve  would  indicate  that  the 
squeteague  would  be  completely  dissolved  in  about  fourteen  hours. 
White  and  Crozier  have  shown  that  their  artificial  digestion 
experiments  gave  results  agreeing  closely  with  those  obtained  from 

*  Loc,  cit. 

» Skand,  Arch.  f.  Physiol,  iii,  p.  344,  1892. 
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metabolism  work  with  dogs,  rates  of  digestion  of  different  proteins 
bemg  in  the  same  relation  to  each  other.  Van  Slyke  and  White,' 
in  a  study  of  the  relation  between  the  digestion  and  retention  of 
ingested  proteins,  found  that  squeteague  is  digested  more  slowly 
than  either  beef  or  cod.  From  the  above  facts,  it  is  fair  to  conclude 
that  the  tardy  solution  of  the  squeteagUQ  by  trypsin,  shown  by 
our  data,  is  not  alone  due  to  the  absence  of  carbon  dioxide,  but 
is  a  consequence  of  the  inherent  nature  of  the  protein  itself. 

The  amino  nitrogen  in  solution  increases  of  course  with  length 
of  time.  The  average  size  of  the  peptides  split  off  from  the  protein 
should  be  especially  noted.  From  these  data  and  the  experiments 
of  White  and  Crozier  it  is  evident  that  the  proteins  studied  break 
down  into  simple  cleavage  products  practically  as  soon  as  they 
go  into  solviion.  At  the  end  of  one-half  hour's  digestion  the  aver- 
age size  of  the  peptides  is  only  2.02 — the  cleavage  products  on  the 
whole  are  indicated  to  be  amino-acids.  The  cleavage  of  certain 
proteins  by  trypsin  has  been  intimately  studied,  and  it  is  known 
that  some  amino-acids  are  readily  formed  while  others  are  pro- 
duced very  slowly  or  not  at  all.  The  above  results,  however, 
show  that  the  greater  portion  of  the  amino  nitrogen  in  solution 
ejrists  in  bodies  of  exceedingly  simple  character.  The  significance 
of  this,  physiologically,  cannot  be  pointed  out  here  but  will  be 
reserved  for  future  discussion. 

The  relation  of  the  amino  to  the  total  soluble  nitrogen  is  shown 
in  figure  2.  After  eight  hours'  digestion  only  28.35  per  cent  of 
the  nitrogen  is  in  the  amino  form.  This  is  a  confirmation  of  earlier 
work  which,  as  just  mentioned,  has  shown  that  there  are  certain 
substances  which  resist  the  hydrolytic  action  of  trypsin  altogether. 
The  increase  in  the  proportion  of  amino  nitrogen  during  the  eight 
hours'  digestion  is  seen  to  be  very  slight,  and  we  must  conclude 
therefore  that  cleavage  of  the  meat,  while  yielding  amino  bodies 
of  a  simple  nature,  leaves  the  greater  part  of  the  soluble  nitrogen 
combined  in  substances  which  are  extremely  stable. 

The  same  conclusions  may  be  drawn  from  the  results  of  our 
experiments  involving  Sorensen's  method.  In  figure  2  the  curves 
are  of  the  same  slope,  although  of  course  only  approximate  figures 
are  expected  on  assuming  the  presence  of  one  amino  group  for 

•  This  Journal,  ix,  p.  226,  1911. 
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each  carboxyl  group  indicated  by  the  sodium  hydroxide  required. 
The  amino  nitrogen  thus  estimated  is  regularly  greater  than  that 
directly  determined  by  the  nitrous  acid  method,  and  the  peptides 
as  computed  are  about  1.5  times  as  large.  It  is  possible  that  in 
such  calculations,  this  effect  is  produced  by  the  presence  of  such 
monamino-dicarboxylic  compounds  as  glutamic  acid.  The  dis- 
crepancy in  the  results  is  not  of  such  a  magnitude  as  to  prevent 
deducing  rigid  conclusions  concerning  the  rate  and  general  course 
of  digestion  of  such  proteins  as  the  one  under  investigation. 

SI7MMART. 

1.  Sorensen's  method  for  the  determination  of  amino-acids  was 
applied  to  a  study  of  the  trjrptic  digestion  of  Cynoscion  regalis. 
The  results  were  foimd  to  be  regular  and  in  accord  with  those 
obtained  by  the  nitrous  acid  method  of  analysis  for  amino  nitrogen, 

2.  The  relatively  low  rate  at  which  the  protein  is  made  soluble 
agrees  with  the  results  of  metabolism  experiments. 

3.  Very  low  cleavage  products  are  formed  as  soon  as  the  protein 
goes  into  solution,  the  average  size  of  the  peptides  being  2.02  after 
one-half  hour's  digestion. 

4.  There  is  a  very  stable  nitrogen  complex  which  is  not  attacked 
by  trypsin. 
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Benzoic  acid,  circulating  in  the  fluids  of  the  body,  combines 
with  glycocoU  and  removes  this  intermediary  product  of  protein 
metabolism  from  further  decomposition.  The  extent  to  which 
the  elimination  of  glycocoU  can  thus  occur,  depends  upon  the 
^ycocoU  which  is  available,  the  amount  of  benzoic  acid  present 
and  the  rapidity  with  which  the  hippuric  acid  synthesis  takes 
place.  There  is  no  reason  to  believe  that  a  reserve  of  free  or 
preformed  glycocoU,  sufficient  to  account  for  the  quantities  of 
hippuric  acid  eliminated  in  the  urine,  exists  in  the  body.  The 
apparent  independence  of  the  process  of  glycocoU  formation  from 
the  general  nitrogenous  metaboUsm  in  the  body  imder  certain 
conditions  (such  as  pure  carbohydrate  feeding),  which  we  have 
demonstrated  in  our  previous  investigation,*  points  strongly  to 
the  conclusion  that  most  of  the  glycocoU  obtained  as  hippuric 
add  is  the  result  of  a  synthetic  production  of  the  substance  in 
the  body. 

The  attempts  made  by  a  number  of  investigators  to  cause  the 
synthesis  of  glycocoU  in  the  body  from  simpler  substances  have 
thus  far  faUed.  On  the  other  hand,  in  the  absence  of  such  evi- 
dence, the  facts  at  our  disposal  also  justify  the  belief  that  glyco- 
coU can  arise  from  the  higher  amino-acids.  Magnus-Levy*  regards 
leucine  as  being  capable  of  conversion  into  glycocoU. 

He  concludes  by  computation  on  a  theoretical  basis  that  most 
of  the  glycocoU  obtained  in  benzoic  acid  experiments  can  arise 

1  Epstein  and  Bookman:  this  Journal,  x,  p.  353,  1911. 
*Magnufl-Levy:  MUnch.  med.  Wochenschr.,  lii,  p.  2168,  1905. 
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from  the  kocine  radical  of  proton.  Free  leucine  howev^  does 
not  yield  i^cocolL*  It  is  CMily  urtien  given  as  a  benzojd  com- 
poimd  that  it  appears  to  be  entirely  convoted  into  glycocoll. 
This  deduction  is  based  fHtacipally  upon  two  facts,  namely,  that 
practically  no  benzoyl  leucine  ^>pears,  as  such,  in  the  urine  after 
administration  of  large  amounts  of  the  substance  and  that  oth^ 
ben^ojrlized  amino-acids  do  not  lead  to  the  production  of  hippuric 
acid.^ 

If  we  acc^t  these  facts  then  we  must  at  once  conclude  that 
leucme  as  such  does  not  appear  as  an  intermediary  substance  in 
the  course  of  ^ycocoll  production;  and  that  the  leudne-bearing 
portion  in  protein  undergoes  a  different  form  of  decomposition 
in  the  presence  of  benzoic  acid  than  that  which  leads  to  the  liber- 
ation of  leucine  itself.  This  gains  support  from  the  facts  elicited 
in  our  previous  study  that  in  the  course  of  the  production  of  glyco- 
coll, following  the  administration  of  benzoic  acid,  there  does  not 
occur  any  massive  decomposition  of  protein  comparable  with 
that  which  accompanies  phosphorus  poisoning  and  the  consequent 
liberation  of  leucine  and  other  amino-acids. 

In  brief,  if  the  leucine  radical  is  capable  of  yielding  glycocoll  in 
response  to  benzoic  acid,  it  must  be  by  some  process  which  does 
not  affect  the  other  protein  radicals  to  any  appreciable  extent. 
Under  the  conditions  of  experimentation  recorded  by  Magnus- 
Levy,  it  seems  possible  that  the  increased  glycocoll  output  as 
hippuric  acid,^  following  the  administration  of  benzoyl  leucine, 
is  not  the  result  of  a  direct  conversion  of  leucine  into  glycocoll. 
Benzoic  acid  does  not  couple  leucine  in  the  body.  The  leucine 
however  b  decomposed.  The  effect  of  a  primary  benzoylization 
in  vitro  upon  leucine  may  therefore  be  such  as  to  render  it  sub- 
ject to  complete  decomposition  in  the  body  into  substances  which 
are  ultimately  synthesized  into  glycocoll.  The  final  product  (gly- 
cocoll) must  then  be  regarded  as  the  result  not  only  of  a  cleavage 
process  but  of  a  synthesis  as  well.  On  the  other  band,  it  is  also 
conceivable  that  the  leucine  of  the  benzoyl  compound  undergoes 
complete  decomposition  without  taking  part  in  the  production 

*  iMagnus-Levy:  loc.  cit.;  Cohn:  Archiv  f,  exp.  Path.  u.  Phartn,,  xlviii, 
p.  177,  1902. 

*  Magnus-Levy :  loc.  ciL 
•Magnus-Levy:  loc.  cit. 
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of  glycocoU;  and  the  benzoyl  radical  which  is  set  free  is  coupled 
with  glycocoU  furnished  by  the  body  in  much  the  same  manner 
as  benzoic  acid. 

It  was  with  the  object  of  inquiring  into  this  particular  ques- 
tion that  the  present  investigation  was  made.  To  determine 
this,  three  sets  of  experiments  were  performed.  In  the  first  of 
these,  various  amounts  of  benzoic  acid  were  administered  to  rab- 
bits; after  the  maximum  output  of  hippuric  acid  was  established, 
leucine  was  given  subcutaneously  and  the  effect  upon  the  pro- 
duction of  hippuric  acid  was  studied. 


Condensed  Table  1 .     Daily  average  for  each  period. 
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The  results  obtained  in  these  experiments  are  in  accord  with 
those  of  Magnus-Levy*  and  of  Cohn.'  Leucine  evidently  does 
not  increase  the  glycocoU  output.  It  appears  that  the  amount 
of  hippuric  acid  ehminated  in  the  leucine  period  (III,  table  1) 
is  considerably  less  than  that  in  the  control  period  (II,  table  1). 
The  leucine  nitrogen  appears  as  extra  nitrogen,  but  not  as  leucine: 
free  leucine  could  not  be  detected  in  the  urine. 

In  the  second  set  of  experiments,  rabbits  were  given  definite 
amounts  of  benzoic  acid  and  the  inaximum  hippuric  acid  output 
was  established;  then  the  dose  of  benzoic  acid  was  increased  and 
the  effect  of  this  increase  upon  the  total  hippuric  acid  output 
noted.  Subsequently  the  animals  were  given  the  original  quan- 
tity of  benzoic  acid  and,  in  addition,  benzoyl-leucine  was  given 
in  such  amounts  that  the  benzoyl  radical  was  the  molecular  equi- 
valent of  the  extra  dose  of  benzoic  acid. 


*  Loc.  cit. 
^  Loc,  ciL 
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Condensed  Table  f .    Daily  average  for  each  period. 
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On  comparing  the  benzoyl-leucine  periods  with  their  corre- 
sponding control  periods  in  these  experiments  we  find  that  a  much 
greater  output  of  hippuric  nitrogen  occiu^  in  the  benzoyl-leucine 
periods.  This  increment  is  much  greater  than  the  leucine  radical 
of  the  benzoyl  compound  could  possibly  furnish. 

In  the  first  set  (table  2)  the  hippuric  nitrogen  of  the  first  ben- 
zoic period  (II,  in  which  the  animal  received  2.5  grams  of  benzoic 
acid  daily)  amounts  to  about  13  per  cent  of  the  total  nitrogen. 
In  the  second  benzoic  period  (III,  when  the  dose  is  increased  to 
3.125  grams  daily)  the  hippuric  nitrogen  eliminated  comprises 
19  per  cent  of  the  total  nitrogen.  In  other  words,  the  additional 
0.625  gram  of  benzoic  acid  caused  an  increase  in  the  hippuric 
nitrogen  output  amounting  to  6  per  cent  of  the  total  nitrogen. 
Upon  returning  to  the  original  dose  of  benzoic  acid  (2.5  grams 
daily)  in  the  third  period,  the  hippuric  nitrogen  output  is  again 
13  per  cent  of  the  total.  In  the  following  period  (V,  table  2), 
when  benzoyl-leucine  is  given  in  place  of  the  extra  0.625  gram 
of  benzoic  acid,  the  hippuric  nitrogen  rises  to  27  per  cent  of  the 
total.  If  we  allow  19  per  cent  of  this  for  the  benzoic  acid  equiva^ 
lent,  then  there  is  a  balance  of  8  per  cent  nitrogen  to  the  credit 
of  the  leucine.  This  is  almost  the  exact  equivalent  of  nitrogen 
furnished  by  the  leucine  (0.094  gram). 

Although  the  results  of  the  second  set  of  benzoyl-leucine  experi- 
ments differ  from  the  first  in  a  number  of  details,  they  point  never- 
theless to  the  same  conclusion.  In  the  first  benzoic  period  (II, 
table  3)  the  hippuric  nitrogen  constitutes  18  per  cent  of  the  total 
eliminated  in  the  luine.    An  additional  0.5  gram  of  benzoic  acid 
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daily  do^  not  seem  to  cause  any  greater  output  of  hippuric 
nitrogen — which  in  the  third  period  (III,  table  3)  comprises  16  per 
cent  of  the  total  nitrogen.  Upon  returning  to  the  original  dose 
of  benzoic  acid  (IV,  table  3)  the  hippuric  nitrogen  remains  at 
the  same  level,  16  per  cent  of  the  total.  But  when,  in  addition 
to  the  benzoic  acid,  the  benzoyl-leucine  is  given  in  such  amounts 
that  the  benzoyl  radical  is  equivalent  to  0.5  gram  of  benzoic 
acid,  the  hippuric  nitrogen  rises  and  comprises  37  per  cent  of  the 
total  urinary  nitrogen.  In  other  words,  an  increase  of  21  per 
cent  is  noted  in  this  period  (V,  table  3)  over  the  corresponding 
control  period  (III,  table  3).  Of  this  amount  the  leucine  could 
furnish  nearly  11  per  cent  or  half  of  the  extra  hippuric  nitrogen. 

Condensed  Table  S.    Daily  average  for  each  period. 
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On  the  basis  of  the  preceding  experiment  (table  2)  the  other 
half  of  the*extra  hippuric  nitrogen  eliminated  is  probably  due  to 
the  independent  action  of  the  benzoyl  radical.  These  results  there- 
fore indicate  that  benzoyl-leucine  possesses  a  double  efficiency  in 
the  production  of  hippuric  acid:  first  by  the  conversion  of  leucine 
into  glypocoll  and  secondly  by  the  independent  action  of  the 
benzoyl  radical  in  coupling  up  available  glycocoU. 

In  view  of  the  fact  that  free  leucine  does  not  yield  glycocoU, 
whereas  benzoylized  leucine  evidently  does,  it  seems  probable 
that  the  leucine  does  not  occur  as  an  intermediary  body  in  the 
normal  metabolism.  .  In  the  third  series  of  experiments  an  attempt 
is  made  to  ascertain  whether,  imder  conditions  in  which  leucine 
occurs  in  the  native  state  as  an  intermediary  product  of  metabo- 
lism, the  formation  of  glycocoU  is  influenced  in  any  way. 
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With  a  view  to  this  end,  a  study  of  the  production  of  hippu- 
lie  acid  in  animals  poisoned  with  phosphorus  was  ipade. 

Condensed  Table  4.    Daily  average  for  each  period.    Control. 


BENZOIC 
ACID 

gram 

0 
0 

PBOS- 

PBOBUB 

OIL, 

1  PEB  CENT 

URINE 

PKBIOD 

Total  N 

Hipourto 

Ammonia 

N 

Extra  N 

I 
II 

ee. 

0 
0.9 

gram 

0.709 
0.837 

gram 

0.012 
0.016 

gram 

•  0.030 
0.029 

gratn 

0.127 

Without  the  administration  of  benzoic  acid,  poisoning  with 
phosphorus  does  not  increase  the  hippuric  acid  output.  Traces 
of  leucine  however  are  found  in  the  urine. 

Condensed  Table  5.    Daily  average  for  each  period. 


PERIOD 

ACID 

gramt 

I 

0 

II 

2.087 

III 

2.087 

IV 

2.087 

PBoa- 

BENZOIG     I     PBOBUS 
OIL, 
1  PER  CENT 


CC. 

0 
0 

0.6 
1.2 


URINE 


Total  N 
gram 

0.509 
0.754 
0.882 
1.292 


Hlppurio 

N 

Ammonia 

N 

gram 

gram 

0.022 

0 

0.092 

0.027 

0.092 

0.030 

0.096 

0.030 

Extra  N 
gram 

0.245 
0.373 
0.783 


Condensed  Table  6.    Daily  average  for  each  period. 


BENZOIC 


£RIOD 

Aao 

grama 

I 

0 

II 

2.5 

III 

2.5 

PB08- 

PBOBUB 

OIL, 

1  PER  CENT 

URINE             • 

Total  N 

Hlppurlc 

N 

gram 

0.035 
0.151 
0.113 

Ammonia 

N 

CC. 

0 
0 

0.6 

gram 

0.815 
0.999 
1.038 

gram 

0.032 
0.030 
0.036 

ExUaN 
gram 

0.184 
0.223 


Phosphorus  poisoning  in  a  feeding  animal,  receiving  benzoic 
acid,  causes  no  change  in  the  amoimt  of  hippuric  acid  (and  hence 
glycocoll)  eliminated,  although  it  causes  a  very  striking  increase 
in  the  total  nitrogenous  metabolism.  Leucine  could  not  be  de- 
tected in  the  urine.    This  result  is  constant,  as  repeated  expert- 
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ments  show  (tables  5  and  6).  The  hippuric  acid  output  in  the 
poisoned  animal  can  fall  below  that  of  the  control  period,  whereas 
the  total  urinary  nitrogen  may  rise  very  high  (table  6). 

The  result  is  somewhat  different  when  a  similar  experiment 
is  performed  on  a  fasting  animal. 

Condensed  Table  7.    Daily  average  for  each  period. 


PHOS- 

URINE 

rExioo 

STATUS 

BENZOIC 

Acm 

PHORUS 

OIL, 

1  PER  CENT 

ce. 

Total  N 
grama 

Hlppurlc 
gram 

Extra  N 

grama 

gram 

I 

Feeding 

0 

0 

0.681 

'    0.013 

II 

Feeding 

2.0 

0 

0.984 

f    0.083 

0.233 

III 

Fasting 

2.0 

0 

1.103 

0.072 

0.462 

IV 

Feeding 

2.0 

0 

0.880 

'    0.118 

0.094 

V 

Fasting 

2.0 

0.9 

1.422 

'    0.123 

0.631 

The  influence  of  the  three  factors,  namely,  fasting,  benzoic 
acid  and  phosphorus  (singly  and  collectively),  upon  the  course 
of  protein  metabolism  and  glycocoU  formation,  is  clearly  illus- 
trated in  this  experiment  (table  7).  In  the  fasting  period  the 
production  of  hippuric  acid  caused  by  the  benzoic  acid  is  less  than 
in  the  normal  control  period,  although  the  total  nitrogen  out- 
put is  high.  Upon  returning  to  normal  feeding  the  total  nitro- 
gen drops  below  and  the  hippuric  nitrogen  rises  considerably 
above  the  preceding  period.  With  the  development  of  phos- 
phorus poisoning  (in  a  fasting  animal,  receiving  benzoic  acid) 
and  its  attendant  massive  protein  decomposition,  there  occurs 
an  even  greater  output  of  urinary  nitrogen  than  in  any  of  the 
preceding  periods;  and  the  hippuric  nitrogen  also  rises  above  the 
control  fasting  period.  The  urine  shows  the  presence  of  traces 
of  leucine. 

The  increased  elimination  of  hippuric  acid,  observed  in  the 
experiment  just  described,  must  be  attributed  to  the  excessive 
breakdown  of  protein,  additional  glycocoU  probably  being  derived 
from  that  source.  The  very  large  amoimt  of  extra  nitrogen  elim- 
inated is  an  evidence  of  this.  The  absence  of  any  very  appreci- 
able amount  of  leucine  may  be  interpreted  in  one  of  two  ways: 
viz.,  that  the  leucine  leads  to  the  production  of  glycocoU  on  the 
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one  hand,  or,  that  it  leads  to  the  formation  of  nitrogenous  bodies 
other  than  glycocoll.  From  the  evidence  fmnished  by  these 
experiments  it  cannot  be  said,  however,  that  native  leucine  plays 
a  direct  r61e  in  the  production  of  glycocoll  in  the  body. 

SUMMARY. 

Free  leucine  does  not  yield  glycocoll  although  it  imdergoes 
decomposition  in  the  body. 

When  benzoyl-leucine  is  given,  in  addition  to  a  definite  dose 
of  benzoic  acid,  the  output  of  hippuric  acid  is  much  greater  than 
the  leucine,  alone,  allows.  It  seems  that  the  increase  in  the  total 
glycocoll  eliminated  is  partly  due  to  the  leucine  and  partly  to  the 
independent  action  of  the  benzoyl  radical. 

Phosphorus  poisoning  in  a  normal  animal  causes  no  increased 
production  of  glycocoll  or  hippuric  acid.  Phosphorus  poisoning 
in  an  animal  receiving  benzoic  acid  also  fails  to  increase  the  hipn 
puric  acid  output.  The  fasting  animal,  when  treated  with  ben- 
zoic acid  and  then  poisoned  with  phosphorus,  eliminates  more 
glycocoll  than  the  non-fasting  animal,  but  the  increase  must  be 
attributed  to  a  greater  amount  of  the  substance  being  available 
for  synthesis  with  benzoic  acid  as  a  result  of  a  massive  decomposi- 
tion of  protein. 

In  conclusion  it  may  be  said  that  the  experiments  here  recorded 
do  not  afford  any  definite  evidence  of  the  conversion  of  native 
leucine  into  glycocoll.  In  the  absence  of  such  evidence  it  appears 
likely  that  much  of  the  glycocoll  liberated  upon  feeding  benzoic 
acid  is  the  result  of  a  synthetic  process  in  the  body. 

The  detailed  results  of  the  foregoing  experiments  are  given  in 
the  accompanying  tables. 
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COMPARATIVE  EFFICIENCY  FOR  GROWTH  OF  THE 

TOTAL  NITROGEN  FROM  ALFALFA  HAY 

AND  CORN  GRAIN.i 

By  E.  B.  hart,  G.  C.  HUMPHREY  and  F.  B.  MORRISON.* 

(From  the  Departments  of  Agricultural  Chemistry  and  Animcd  Husbandry  of 

the  University  of  Wisconsin,) 

(Received  for  publication,  September  10, 1912.) 

It  is  well  known  that  alfalfa  hay,  as  well  as  other  hays  and  root 
crops,  contains  a  considerable  part  of  its  nitrogen  in  non-protein 
form.  In  alfalfa  hay  this  may  amount  to  25  per  cent  of  the  total 
nitrogen,  as  determined  by  Stutzer's  reagent  or  the  tannic  acid 
method.  Just  what  the  nature  of  this  nitrogen  is  has  not  been 
determined,  but  it  is  usually  assumed  to  be  a  mixttire  of  acid-amides 
and  amino-acids  and  is  generally  described  under  the  term 
"amides.''  Attempts  in  this  laboratory  to  isolate  individual 
amino-acids  from  the  water  extract  of  alfalfa  hay  have  failed,  but 
further  study  of  this  extract,  with  the  use  of  the  Van  Slyke  nitrous 
add  method,  shows  the  presence  of  free  amino  groups;  but  by  no 
means  is  all  of  the  ''amide  nitrogen"  in  the  form  of  simple  amides 
or  amino-acids.  A  large  proportion  is  still  more  complex  than 
these  and  yet  non-precipitable  by  such  reagents  as  basic  lead 
acetate,  tannic  acid,  etc.  (The  results  of  a  detailed  chemical  study 
in  this  laboratory  of  the  water  extract  of  alfalfa  hay  will  be  pub- 
lished shortly.) 

There  is  a  difference  of  opinion  as  to  the  real  worth  of  "amide 
nitrogen"  for  either  maintenance,  growth  or  milk  production. 
Armsby*  in  his  latest  tables  of  feeding  standards,  excludes  it  entirely 

^  Published  by  permission  of  the  Director  of  the  Agricultural  Experi- 
ment Station. 

'  Credit  is  due  Mr.  P.  H.  Wessels  for  part  of  the  analytical  work  reported 
in  this  investigation. 

'  Farmers  Bulletin  346,  U.  S.  Department  of  Agriculture. 
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from  his  calculations  of  the  available  mitogen.  On  the  other 
hand,  Henry^  and  Jordan,^  at  least  in  their  tables  (^  the  composi- 
tion of  feeds,  give  it  full  value.  Nor  has  scientific  inquiry  as  to 
its  worth  been  wanting.  The  whole  question  is  to  some  extent 
bound  up  with  the  question  of  the  nature  and  ext^it  oi  protein 
hydrolysis  in  tmimal  digestion.  It  appears  from  the  work  of 
Cohnheim,*  Kutscher  and  Seemann^  and  Abderhalden,  Baomami 
and  London^  that  digestion  proceeds  to  the  formation  of  abiuret 
products  in  the  form  of  polypeptides  and  the  comparatively  simple 
mpnoamino-  and  diamino-acids.  Feeding  experiments  with  pre- 
digested  protein  have  also  thrown  light  on  this  question.  Loewy' 
showed  that  protein,  digested  imtil  the  biuret  reaction  was  absent, 
was  capable  not  only  of  maintaining  life,  but  of  maintaiDing  nitro- 
gen equilibrium  and  even  of  leading  to  nitrog^i  retention.  Hend^- 
•son  and  Dean^®  used  the  products  of  add  hydrol3rsis  of  proteins. 
'They  also  record  nitrogen  retention.  Others,  as  Hemiques  and 
'Hanson,^^  were  imable  to  get  as  good  results  with  the  products 
of  acid  hydrolysis  as  when  the  hydrolysis  was  carried  on  by  either 
pepsin  or  trypsin,  although  they  showed  that  the  products  from  acid 
digestion  were  excellent  protein  sparers.  Numerous  experiments 
in  this  direction  have  been  carried  on  by  Abderhalden  and  his 
pupils.^  He  has  worked  with  both  mice  and  dogs.  His  earlier 
experiments  tended  to  show  that  a  protein  digested  with  an  enzjrme 
until  the  biuret  reaction  was  absent  could  take  the  place  of  protein 
in  the  diet,  but  that  the  acid  hydrolytic  products  could  not.  Later 
Abderhalden"  brought  forth  evidence  to  show  that  nitrogen  equi- 
librium could  be  maintained  and  a  retention  occur  when  the 
products  of  acid  hydrolysis  alone  were  used.  "With  an  artificial 
mixture  of  amino-acids  he  was  also  able  to  secure  nitrogen  equilib- 


*  Feeds  and  Feeding. 

'  The  Feeding  of  AnimaU. 


•  Zeilschr.  f,  physiol.  Chem.,  xlix,  p.  64,  1906. 
'^  Ibid,f  xxxiv,  p.  627,  1901. 

•  Ibid.,  li,  p.  384,  1907. 

•  Arch.  f.  exp.  Path.  u.  Pharm.,  xlviii,  p.  303,  1902. 
"  Amer.  Journ.  of  Physiol.,  ix,  p.  386,  1903. 

"  Zeitschr.  f.  physiol.  Chem.,  xlix,  p.  113,  1906. 
»«/Wrf.,  xlii,  p.  528,  1904. 
"  Ibid.,  Ixxvii,  p.  23,  1912. 
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rium**  and  effect  a  partial  nitrogen  retention.  Abderhalden^^  has 
even  furnished  experimental  evidence,  although  not*  very  convinc- 
ing, that  with  a  diet  rich  in  carbohydrates  and  fat,  he  was  able  to 
secure  nitrogen  retention  when  the  sole  source  of  nitrogen  in  the 
diet  was  an  ammonium  salt.    This  work  was  done  with  dogs. 

From  the  above  experimental  work  it  is  apparent  that  the  simple 
amino-acids  have  direct  nutritive  value  and  very  probably  repre- 
sent a  large  proportion  of  the  normal  end  products  of  protein 
digestion.  The  work  of  Bergmann,^*  Howell*'^  and  Folin  and 
Denis^^  would  indicate  that  they  are  absorbed  into  the  blood  and 
used  directly  for  cell  repair  and  protein  synthesis. 

The  fact  that  our  hays  and  root  crops  may  contain  a  certain 
proportion  of  nitrogen  m  true  amide  form,  as  m  asparagme  or  glu- 
t&mine,  raises  the  question  of  the  nutritive  value  of  their  nitrogen. 
The  part  of  it  which  is  in  the  a-amino-position  must  possess  that 
Yslne  which  can  be  assigned  to  amino-acid  nitrogen.  As  early 
as  1894,  Weiske^*  showed  that  for  herbivora  asparagine  was  a 
\&y  effective  protein  sparer.  Zimtz'**  had  suggested  that  the 
''amide  nitrogen"  is  built  into  protein  by  the  aid  of  intestinal  bac- 
teria before  it  becomes  utiUzable  by  these  animals.  This  view  was 
also  shared  by  Mtiller,"  who  has  shown  that  the  intestinal  bacteria 
could  form  protein  from  asparagine  and  also  from  ammonium 
tartrate.  Schulze**  was  also  of  the  opinion  that  this  is  the  way 
in  which  the  amides  are  useful  to  herbivora.  On  the  other  hand 
Morgen,**  working  with  sheep,  has  shown  that  there  was  not  a 
building  of  indigestible  protein  by  the  intestinal  bacteria  when 
ammoniiun  acetate  and  asparagine  were  fed.  This  view  does  not 
prove  or  disprove  the  possibility  of  the  formation  of  bacterial 
proteins  as  intermediary  bodies  in  the  utilization  of  ammonium 

"  ZeiUchr,  f,  phyaiol,  Chem,,  Ixxvii,  p.  23,  1912. 

» Ibid,,  Ixxviii,  p.  1,  1912. 

*•  Beitr.  z,  chem,  Physiol,  u.  Path,,  vi,  p.  40,  1905. 

"ilmcr.  Joum,  of  Physiol,,  xvii,  p.  273,  1906. 

"  This  Journal,  id,  p.  87,  1912. 

"  Zeitschr.  /.  Biol,  xxx,  p.  254,  1894. 

^^Areh.f,  d.  ges.  Physiol, ,  xlix,  p.  477,  1891. 

"  Ibid.,  cxii,  p.  245,  1906. 

**  ZeiUchr,  f.  physiol,  Chem.,  Ivii,  p.  67,  1908. 

^Landw,  Versuchsstal,,  Ixxiii,  p.  283,  1912. 
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salts  and  asparagine  by  herbivora.  Morgen  and  his  associates 
have  shown  further  that  the  non-protein  nitrogen,  as  in  ammonium 
salts  or  asparagine,  besides  being  capable  of  supporting  mainte- 
nance, could  also  contribute  to  the  production  of  milk  proteins. 
Kellner,^  experimenting  with  lambs,  concluded  that  asparagine 
and  ammonium  salts  were  capable  of  aiding  in  the  maintenance 
of  nitrogen  equilibrium,  but  were  incapable  of  conversion  into 
body  protein.  ^ 

The  evidence  from  the  literature  cited  above  appears  to  show 
that  with  herbivora  the  "amides,"  or  non-protein  nitrogen,  can 
serve  to  maintain  the  protein  tissues  of  the  body  and  there  is 
certain  evidence  that  they  can  also  support  milk  production.  Evi- 
dence is  lacking  that  growth  can  be  produced. 

With  rats  Politis^  was  unable  to  secure  any  evidence  of  protein 
sparing  by  asparagine  when  the  latter  was  the  sole  source  of  nitro- 
gen. The  same  result  was  obtained  by  Henriques  and  Hanson* 
but,  when  the  latter  used  the  expressed  juice  of  etiolated  beans 
or  peas,  they  found  that  a  sparing  action  was  partly  effected. 
The  "amide  nitrogen"  from  potatoes  or  roots  was  ineffective  as 
a  protein  sparer  when  fed  to  rats.  Luthje*^  showed  the  same  thing 
to  be  true  with  rabbits  when  the  sole,  soiu'ce  of  nitrogen  was  the 
protein-free  "amide"  material  obtained  from  fresh  potatoes. 
Voltz^*  concluded  that  herbivora  can  make  use  of  "amide  nitro- 
gen" and  the  nitrogen  in  ammonium  salts  and  he  has  lately^ 
reached  the  same  conclusion  for  camivora. 

Evidently  the  kind  of  animal  is  an  important  matter  in  deter- 
mining how  effective  these  simple  nitrogenous  substances  may  be 
for  both  maintenance  and  growth  but  this  is  probably  more  a 
matter  of  individual  temperament  and  influence  on  appetite  than 
of  an  actual  difference  in  the  nutrition  processes  imder  normal 
conditions.  In  the  literature  the  idea  prevails  that  herbivora 
can  apparently  make  more  efficient  use  of  these  simple  nitrog- 

**Arch,  /.  d.  ges.  Physiol, ^  cxiii,  p.  480,  1906;  Zeitachr.  /.  BioL,  xxxix,  p. 
313,  1900. 

«» ZeiUchr,  /.  Biol,  xxviii,  p.  492,  1891. 

'•  Zeitachr.  f.  phyaiol.  CTiem,,  liv,  p.  169,  1907. 

•^  Arch,  /.  d,  ges,  Physiol,,  cxiii,  p.  547,  1906. 

"76td.,  cxvii,  p.  641,  1907. 

*•  Zeitachr.  f,  phyaiol,  Chem,,  Ixxix,  p.  415,  1912. 
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enoos  substances  than  the  omnivora  or  carnivora.  Yet  Abder- 
balden  claims  to  have  caused  nitrogen  retention  in  a  dog  with  an 
artificial  mixture  of  ammo-acids  and  even  with  ammonium  salts. 
One  trouble  in  the  feeding  of  concentrated  plant  extracts  is  that 
they  usually  lead  to  intestinal  derangement  and  diarrhea  follows. 
This  may  be  expected  from  the  large  salt  content  of  such  concen- 
trates. 

Plan  of  experiment. 

The  plan  of  oiu*  experiment  was  to  secure  experimental  data 
on  the  rate  of  nitrogen  retention  by  growing  heifers  when  the 
{X)urce  of  the  nitrogen  in  the  ration  was  mainly  either  the  com 
?rwn  or  the  whole  alfalfa  plant.  The  com  kernel  contains  only 
traces  of  '*  amide  nitrogen"  and  would  serve  as  an  exceUent  check 
on  the  alfalfa  periodfe.  The  com  ration  consisted  of  com  meal, 
giuten  feed  and  com  stover.  The  gluten  feed  was  added  for  the 
purpose  of  bringing  the  nitrogen  content  of  the  ration  up  to  a 
good  growing  level.  It  is  necessary  with  this  class  of  animals  to 
use  some  roughage  and,  as  the  com  stover  introduced  very  little 
available  nitrogen  and  at  the  same  time  would  maintain  an  alka- 
line urine,  it  was  used.  The  alfalfa  ration  consisted  mainly  of 
alfalfa  hay  and  com  starch.  Part  of  the  alfalfa  was  groimd  in 
order  that  the  bulk  of  the  material  might  be  reduced  and  at  the 
same  time  a  small  amount  of  com  stover  was  introduced.  It  was 
believed  that  the  com  stover  would  help  consumption,  but  later 
experiments  have  shown  that  this  is  imnecessary.  The  starch 
was  used  for  the  pmpose  of  making  the  net  available  energy  of 
the  two  rations  closely  comparable.  It  was  believed  that,  should 
the  rate  of  nitrogen  retention  on  the  two  rations  through  a  long 
period  of  observation  be  approximately  alike,  we  would  have 
substantial  evidence  that  the  ''amide  nitrogen"  was  being  used 
for  growth.  We  would  certainly  have  evidence  whether  the  total 
nitrogen  from  one  source  and  in  the  proportion  used  was  as  efficient 
for  growth  as  from  the  other  source.  And  for  us  this  is  an  impor- 
tant pomt. 

Two  animals  were  used  in  the  experiment,  one  receiving  the 
com  ration  while  the  other  received  the  alfalfa  ration.  After  six 
or  eight  weeks'  observation,  the  rations  were  changed  and  the 
animal  originally  receiving  the  com  ration  went  to  the  alfalfa 


138    Efficiency  of  "Amide  Nitrogen"  for  Growth 

ration  and  vice  versa.  This  would  obviate  any  diffo-ences  in  indi- 
vidual powers  of  growth  or  capacity  for  utilization,  which  is  an 
important  factor  in  such  experiments. 

A  record  of  income  and  outgo  of  nitrog^i  was  quantitativdy 
kept,  the  feces,  urine,  etc.,  being  quantitatively  collected,  sampled 
and  analyzed.  With  the  ration,  salt  and  water  were  fed  ad  KbihmL 
Each  animal  was  fed  such  portions  of  the  ration  as  would  be  eaor 
tirely  consiuned.  At  a  definite  time  of  the  day,  weekly  weighings 
of  the  animals  w^e  made. 

Expefiment  in  1910-1911. 

Two  young  growing  heifers,  of  approximatdy  400  to  500  pK)imds 
weight,  were  chosen.  They  were  grade  Holsteins,  number  1  weigh- 
ing  505  poimds  and  niunber  2,  440  poimds.  *  The  rations  fed  are 
shown  in  table  I.  These  figures  are  taken  from  Henry's  Feeds 
and  Feeding  and  Armsby's  Tables  for  Production  Therms.  This 
table  simply  shows  the  proportion  in  which  the  materials  in  an 
air  dried  condition  were  mixed  and  the  approximate  Ukeness  of 
the  two  rations  in  production  therms,  nutritive  ratio  and  digestible 
protein.  This  last  figure  is,  of  course,  based  on  the  total  nitrogen 
and  includes  the  "amide  nitrogen."  The  table  also  includes  in 
the  last  column  the  actual  grams  of  nitrogen  contained  in  such 
weights  of  the  feed  as  are  indicated  in  column  2. 

It  should  be  noted  that  the  nutritive  ratio  of  the  alfalfa  ration 
was  1:9.  If  the  "amide  nitrogen"  is  not  included,  but  only  true 
protein  made  the  basis  of  the  calculation,  then  the  nutritive  ratio 
becomes  1 :12.4,  a  very  wide  ratio  for  growth. 

From  table  I  it  will  be  seen  that  on  the  basis  of  average  analyses, 
the  two  rations  were  very  nearly  alike  in  total  digestible  protein 
and  available  therms.  From  actual  nitrogen  determinations,  the 
total  nitrogen  intake  in  the  two  rations  was  also  very  closely  alike^ 
With  the  consumption  of  approximately  equal  quantities  of  air 
dried  material,  the  intake  of  total  digestible  nitrogen,  as  well  as 
total  nitrogen,  was  substantially  identical  in  both  rations.  We 
had  no  difficulty  in  securing  a  liberal  consumption  of  the  rations 
and  approximately  equal  portions  by  either  animal.  The  daily, 
consumption  for  the  entire  sixteen  weeks  varied  from  7  to  10 
pounds. 
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TABLE  I. 
Composition  of  materials  used. 


1 

1 

DIGBSTZBLS  NUTRXBNTB 

PBODUO- 

KUTRI- 

TIVB 

RATIO 

TOTAL N 

POUNDS 

Protein 

pounds 

0.40 
0.41 
0.12 

Cwbo- 
hydi&te 

Fat 

TION 
THERMS 

Com  meal 

Gluten  feed 

Corn  stover .  / . . . 

5 
2 
7 

pounds 

3.33 
0.97 
2.26 

pounds     ' 

0.22          4.44 
0.17          1.58 
0.05    1      1.85 

1:8.2 

grams 

32.46 
39.04 
34.95 

Total 

14 

0.93 

6.56 

0.44 

0.02 
0.09 

0.00 

7.87 

t 

106.45 

Corn  stover 

Alfalfa  hay 

Alfalfa  meal 

Starch 

3 
5 
3 

4.2 

0.05 
0.88 

0.00 

0.97 
3.16 

4.00 

0.79 

2.75    ;  1;9.0 

4.20 

14.98 

56.97 

34.21 

1.52 

Total 

15.2 

0.93 

8.13 

0.11     i      7  74    i 

107.68 

In  all,  sixteen  weeks  of  actual  observation  are  involved  in  this 
first  experiment,  1910-1911.  Before  the  records  were  begun  there 
was  a  preliminary  period  of  ten  days'  feeding.  In  period  I,  of  eight 
weeks,  animal  1  received  the  com  ration  and  animal  2  the  alfalfa 
ration.  At  the  end  of  that  period  the  rations  were  changed.  This 
was  done  slowly  and  by  substituting  a  pound  of  one  ration  for  a 
pound  of  the  other,  consuming  in  all  eight  days  for  the  transfer. 
In  period  II,  animal  1  received  the  alfalfa  ration,  while  animal  2 
received  the  com  ration.  In  tables  II  and  III  are  included  the 
records  of  this  first  experiment.  The  data  are  condensed  from 
daily  records  to  weekly  composites  and  represent  in  grams  the 
nitrogen  consumed  per  week  and  the  nitrogen  excreted  and  re- 
tdned.  In  addition  are  columns  showing  the  pounds  of  feed 
consumed  and  a  record  of  the  gain  in  live  weight. 

Animal  1  stored  451.7  grams  of  nitrogen  during  the  com  period  or 
13.4  per  cent  of  the  total  intake  and  754.2  grams  on  the  alfalfa 
ration  or  20.4  per  cent  of  the  total  intake.  It  will  be  noted  that 
there  is  considerable  oscillation  in  the  weekly  records  of  the 
amounts  of  nitrogen  retained.  This  is  illustrated  in  charts  I  and 
II,  which  are  graphic  records  of  nitrogen  retention  and  nitrogen 
consumption.  It  is  very  doubtful  if  this  means  a  variation  in 
the  rates  of  cell  growth  and  nitrogen  storage  but,  rather,  a  differ- 
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TABLE  IL 

Becord  of  balance  of  income,  outgo  and  retenlion  of  nitrogen,  feed  consumed 

and  gain  in  live  weight. 

Animal  1,    Period  1.    Com  ration. 


DATS 

1910-1911 

rCBD 

N 

INTAKK 

N 

nrrccni 

XX  umiifK 

N 

BBTAimCO 

LITX 

wxxosr 

(IHTTZAL, 
505  LBS.) 

pounds 

frawu 

§rmm* 

tramu 

fTBiaS 

pound* 

Dec.    2-8 

8 

425.8 

182.4 

186.9 

55.5 

• 

513 

9-15 

7-8 

418.2 

199.2 

200.0 

19.0 

521 

16-22 

7 

380.9 

168.6 

178.5 

33.8 

493 

23-29 

8-9 

430.7 

175.3 

173.0 

,      82.4 

509 

Jan.   30-5 

8 

425.8 

190.9 

161.7 

73.2 

520 

6-12 

8 

409.9* 

185.4 

.    163.1 

61.4 

524 

13-19 

9 

431.2 

222.7 

169.0 

39.5 

531 

20-26 

9 

431.2 

204.9 

139.4 

86.9 

534 

451.7 


Animal  1.    Period  IT,    Alfalfa  ration. 


Feb.  4-10 
11-17 
18-24 
25-3 

Mar.  4-10 
11-17 
18-24 
25-31 


9 

9 

9-10 

10 

10 

10 

10 

10 


427.4 
427.4 
454.6 
474.6 
474.6 
474.6 
474.6 
474.6 


187.6 
184.0 
187.8 
208.8 
218.6 
214.9 
220.0 
217.7 


152.4 
186.7 
148.4 
164.2 
155.8 
144.1 
170.4 
155.4 


87.4 
56.7 
106.4 
100.2 
100.2 
115.6 
84.2 
101.5 
754.2 


544 
544 
556 
576 
575 
579 
581 
592 


*  New  corn  stover  used;  7  pounds  contained  24.33  grams  of  N. 


ence  in  the  amouifts  of  nitrogen  excreted,  as  determined  by  the 
artificial  periods  of  observation  prescribed.  The  efficiency  of  the 
total  alfalfa  nitrogen  for  growth  was  for  animal  1  somewhat  greater 
than  that  of  the  corn  kernel.  While  we  do  not  care  to  lay  too 
much  stress  on  the  positive  figures  for  alfalfa  obtained  in  this 
case,  nevertheless,  the  data  show  that  the  total  nitrogen  from  this 
plant  was  not  inferior  for  growth  to  that  from  the  com  kernel. 
In  the  transition  period  from  the  corn  to  the  alfalfa  ration,  there 
was  no  sudden  rise  in  the  nitrogen  output,  either  in  the  feces  or 
urine.  The  ingestion  of  a  large  proportion  of  '*  amide  nitrogen" 
with  the  change  to  the  alfalfa  ration,  should  have  led  to  such 
increased  excretion  had  this  not  been  involved  in  the  normal 
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ChAKT   I,    ANIMAL   1.       CtTKVB   OF  N   RETENTION    (UNBROKEN  LINB).       CuRVB 

OP  N  CONSUMPTION  (DOTTED  LINE). 


Chart  II,  animal  2.     Curve  op  N  retention  (unbroken  line), 

OP  N  consumption  (dotted  line). 
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TABLE  m. 

Record  of  balance  of  income,  outgo  and  retention  of  nitrogen,  feed  consumed 

and  gain  in  live  weight. 

Animal  B,    Period  7.    Alfalfa  ration. 


1 
DATS 

1910-1911 

1 

mo 

1 
N 

IKTAKB      , 

grams 

N 

utrmcEB 

1 

N 

INUBINB    i 

N         ' 

KBTAXKKO 

1 

UTS 
WSIORT 

(iirmAL, 

440  LBS.) 

graffiM 

grama 

gramt 

pouni* 

Dec.    2-8 

7-8 

375.4 

167.6 

198.0 

9.8 

445 

9-15 

7 

347.1 

149.1 

178.0 

20.0 

426 

16-22 

7-8 

354.0 

132.5 

186.4 

35.1 

430 

23-29 

8-9 

439.2 

181.3 

178.4 

79.5    i 

447 

Jan.   30-5 

9 

446.3 

211.0 

207.9 

27.4 

452 

6-12 

9 

430. 2» 

206.0 

163.9 

60.3 

453 

13-19 

9 

427.6 

208.9 

134.9 

83.7 

456 

20-26 

9 

427.5 

197.2 

177.5 

52.8 
368.6 

454 

Animal  t.    Period  II,    Corn  ration. 

Feb.     4-10 

9 

431.2 

191.3 

188.5 

51.4 

480 

11-17 

9 

431.2 

203.3 

160.2 

67.5 

481 

18-24 

9-10 

458.6 

231.6 

141.1 

85.9 

502 

25-3 

10 

479.2 

239.6 

192.8 

46.8 

508 

Mar.    4-10 

10 

479.2 

257.4 

171.9 

49.9 

522 

11-17 

10 

479.2 

247.0 

191.7 

40.5 

514 

18-24 

10 

479.2 

219.1 

190.3 

69.8 

527 

25-31 

10 

479.2 

271.6 

249.2 

-41.4 
369.4 

525 

*  New  corn  stover  used;  7  oounds  oootAlned  24.33  grams  of  N. 

processes  of  nitrogen  utilization  and  elimination.  Of  the  total 
nitrogen  absorbed,  animal  1  retained  during  the  com  period  24.7 
per  cent  and  during  the  alfalfa  period  36.9  per  cent. 

Animal  2  stored  368.6  grams  of  nitrogen  during  the  alfalfa  period 
or  11.3  per  cent  of  the  total  intake  and  369.4  grams  on  the  corn 
ration  or  9.9  per  cent.  The  same  oscillation  in  weekly  storage  is 
also  to  be  observed  with  this  animal.  Apparently  animal  2  did 
not  possess  the  same  powers  of  growth  as  animal  1.  In  neither 
period  was  the  amount  stored  as  great  as  in  the  case  of  animal 
1.  At  the  end  of  period  II,  this  animal  suffered  somewhat  from 
diarrhea,  a  fact  which  accoimts  for  the  negative  balance  of  that 
period.    With  this  animal  the  amount  of  nitrogen  retention  on 
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the  two  rations  was  practically  alike,  indicating  again  no  inferior- 
ity of  the  alfalfa  nitrogen  for  processes  of  growth. 

Again  in  this  case  there  was  no  sudden  decrease  of  nitrogen  in 
the  feces  or  urine  as  the  change  from  the  alfalfa  ration  to  the  com 
ration  was  made.  During  the  alfalfa  period  animal  2  stored  20.5 
per  cent  of  the  absorbed  nitrogen  and  18.8  per  cent  during  the 
com  period. 

Attention  should  be  called  to  the  discrepancy  in  the  live  weight 
gains  as  compared  with  actual  nitrogen  storage.  Animal  1  gained 
in  gross  live  weight  during  the  sixteen  weeks  some  79  pounds, 
with  an  actual  storage  of  1205.9  grams  of  nitrogen.  Animal  2 
gained  80  pounds  in  live  weight  during  the  same  period,  but  actu- 
ally stored  but  738  grams  of  nitrogen  or  approximately  three- 
fifths  as  much  as  animal  1. 

Experiment  in  1911-1912. 

The  plans  of  experimentation  in  1911-1912  were  substantially 
those  of  the  previous  year.  Two  young  growing  heifers  of  grade 
Holstein  breeding  and  about  SCiO  to  400  pounds  in  weight  were 
again  chosen.  The  rations  used  were  of  the  same  kind  of  materials 
as  in  the  previous  experiment,  except  that  no  com  stover  was 
mtroduced  into  the  alfalfa  ration.  This  ration  consisted  wholly 
of  alfalfa  and  starch.  Again  a  part  of  the  alfalfa  hay  was  reduced 
to  meal  in  our  own  grinders  for  the  purpose  of  reducing  the  bulk. 
The  composition  of  the  ration  is  appended  in  table  IV. 

It  will  be  seen  that  the  rations  were  very  similar  in  respect  to 
total  digestible  nutrients,  therms  and  nutritive  ratio.  The  total 
nitrogen  intake  with  like  weight  of  air  dried  mixture  was  also  sub- 
stantially indentical. 

In  this  experiment  there  was  a  preliminary  three  weeks'  feeding 
period  with  a  low  nitrogen  ration.  This  ration  consisted  of  4 
pounds  of  wheat  straw,  3  poimds  of  com  starch,  0.2  pound  of  cane 
sugar  and  1  ounce  of  calcium  phosphate.  Salt  was  given  freely. 
This  preUmmary  period  was  to  determine,  on  as  low  a  nitrogen 
mtake  as  practicable  with  the  materials  available,  what  the  creati- 
nine output  would  be  and  the  relation  of  the  creatinine  nitrogen 
to  the  total  nitrogen  of  the  urine.    McCoUum'®  has  shown,  with 
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TABLE  IV. 
Composition  of  materials  used. 


rsso 


Com  meal.. 
Gluten  feed. 
Com  stover, 

Total 

Alfalfa  hay. 
Alfalfa  meal 
Starch 

Total 


pound* 

2 

7 


DXOKflTIBLX  irUTSIXNTB 


P«»*^°h?^  F*' 


f 

'     PBODUCV         I ii.ij-m»  ' 

WOW  ""Jf^r*      TOTAL  N 


XATIO 


I 


14 


5 
4 
5 


14 


pound* '  pounda  pound*  * 

0.40  '  3.33  0.22  ' 
0.41  0.97  0.17  ; 
0.12  ;  2.26  ;  0.05  . 


gmmM 

33.36 
40.42 
37.67 


0.93  !  6.56    0.44        7.8 


1:8.2       111.45 


0.99  ;  3.51  I  0.10 
'  5.00  I 


0.99    8.51  '  0.10  I      8.0 


1«.5 


60.33 

51.33 

1.36 

113.02 


pigs  on  practically  nitrogen-free  rations  but  with  the  energy  require- 
ment satisfied,  that  the  creatinine  excretion  reaches  a  maximum 
and  is  a  fairly  definite  proportion  of  the  total  urinary  nitrogen. 
This  would  indicate  that  it  was  a  constant  end  product  of  endog- 
enous metabolism.  Further  he  has  shown  that  with  increasing 
nitrogen  retention,  in  pigs  there  is  a  fairly  definite  proportional 
increase  in  the  creatinine  output.  This  would  indicate  that  cre- 
atinine would  serve  as  an  index  of  protein  storage.  It  was  to  learn 
whether  such  quantitative  relationships  held  for  herbivora  that 
we  instituted  this  preliminary  feeding  period. 

Effect  of  low  nitrogen  intake  on  creatinine  excretion.  In  table  V 
are  given  the  data  for  this  preliminary  three  weeks'  period,  with 
both  animals,  on  the  effect  of  low  nitrogen  intake  on  creatinine 
output.  This  is  expressed  in  grams  and  the  per  cent  of  creatinine 
nitrogen  of  the  total  urinary  nitrogen.  A  week  of  feeding  preceded 
the  taking  of  these  records. 

In  animal  3  the  proportion  of  the  total  nitrogen  of  the  urine 
as  creatinine  nitrogen  rose  as  high  as  McCoUum  has  reported  for 
pigs  receiving  nitrogen-free  rations,  and  on  single  days  it  went  as 
high  as  25  per  cent.  With  animal  4  the  ratio  did  not  rise  as  high, 
although  in  the  first  week  it  was  approximately  20  per  cent.  After 
the  first  week  it  decreased  in  both  cases,  possibly  due  to  the  losses 
of  body  protein  incident  to  the  low  nitrogen  ration.    The  average 
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TABLE  V. 

Record  of  low  nitrogen  feeding  and  creatinine  output. 

Animal  5. 


DATS 

1 

N        ,         N 

IMTAKS     1    nt  TKCm 

1 
N                 N 

XKUBINB             LOSS 

1 
1 

CRBATININS  N 
DAILY             ABATSRAaE 

.  atbraqb  pbbcentaob  op 
cbbatininb'    total  ubi- 
nartN 

Dec.  12-18 
19-25 
26-Jan.l 

grawu           gramt 

39.48        59.97 
39.48        63.66 
39.48        66.50 

1 

grama           grama 

43.73          64.2 
34.11          58.2 
36.26          63.2 

grama 

3.67 
2.71 
2.14 

percent 

22.0 
21.0 
15.2 

Animal  4' 


Dec.  12-18 
19-25 
26-Jan.  t 


3.39 
2.55 
1.61 


18.4 
11.9 
12.9 


daily  grains  of  creatinine  excreted  were  also  highest  in  the  first 
week  in  the  case  of  both  animals  and  decreased  perceptibly  under 
nitrogen  starvation.  *It  should  be  noted  that  this  high  ratio  of 
creatinine  nitrogen  to  total  urinary  nitrogen  was  reached  in  the 
first  week  of  the  record  and  the  second  week  of  feeding.  This 
high  ratio  was  reached  somewhat  earlier  than  was  observed  by 
McCollum  with  pigs  on  nitrogen-free  diets. 

We  shall  discuss  the  creatinine  rise  on  our  growing  ration  further 
on  in  this  paper. 

After  the  preliminary  feeding  the  animals  were  immediately 
placed  on  the  growing  rations  of  com  and  alfalfa.  They  were 
to  receive  these  rations  for  six  weeks  and  then  be  immediately 
changed  to  the  ration  of  the  other.  It  is  very  essential  that  this 
should  be  done  as  then  any  individual  differences  in  powers  of 
growth  are  obviated. 

The  records  of  nitrogen  income,  outgo  and  storage,  as  well  as 
colunms  showing  the  food  consumption  and  increase  in  live  weight, 
are  given  in  tables  VI  and  VII.  Nitrogen  records  are  in  grams 
per  week  and  are  seven-day  composites  of  the  daily  record. 

Animal  3  stored  during  the  alfalfa  period  592.2  grams  of  nitro- 
gen or  28.7  per  cent  of  the  total  intake.  During  the  com  period 
615.6  grams  of  nitrogen  were  stored  or  24.1  per  cent  of  the  total 
nitrogen  consumed.    During  the  first  week  of  record  on  the  alfalfa 
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ration  45  p^  cent  of  the  total  nitrogen  ingested  was  stored.  This 
very  high  efficiency  is  to  be  attributed  to  the  partial  nitrogen 
depletion  the  animal  had  si^ffered  during  the  preliminary  period 
of  partial  nitrogen  starvation,  but  even  after  the  first  week  there 
was  a  continued  high  efficiency  of  storage,  which  was  maintained 
on  both  rations  for  the  entire  period  of  record.  This  is  in  marked 
contrast  to  animals  1  and  2  where  the  storage  was  not  much  ovor 
10  per  cent  of  the  total  nitrogen  ingested.  Both  animals  3  and  4 
were  somewhat  younger  and  lighter  in  weight  than  1  and  2,  which 
are  additional  factors  in  the  rate  of  growth. 

The  data  show  that  the  nitrogen  in  the  alfalfa  ration  under  the 
conditions  of  the  experiment  is  just  as  efficient  for  growth  as 
that  of  the  com  kernel.  Of  the  mtrogen  absorbed  from  the  intes- 
tine during  the  alfalfa  period  48  per  cent  was  retained  while  during 
the  com  period  40  per  cent  of  the  absorbed  nitrogen  remained  in 
the  body.    The  sudden  change  from  the  alfalfa  ration  to  the  com 

TABLE  VI. 

Record  of  income,  outgo,  reterUion  of  nitrogen,  feed  consumed  and  gain  in 

live  weight. 

A  nimal  5.    Period  I.    A  Ifalfa  ration. 


DATS 

rcKo 

1 

N 

nVTAKX 

N 

xxrsaa 

N 

N 

BBTAINKD 

franu 

urm 

WUOHT 

(initial, 

1     S48LBS.) 

ptmndt* 

irtms 

frmmM 

frmmu 

paunii 

Jan. 

2-8 

6-7  1 

339.0 

114.5 

71.0 

153.5 

347 

9-15 

6-7 

339.0 

143.3 

87.0 

108.7 

.      343 

16-22 

6-7 

339.0 

133.5 

111.6 

93.9 

!      348 

23-29 

6-7  . 

339.0 

133.7 

119.3 

86.0 

,      352 

3a-Feb. 

5       6-7 

363.2 

155.0 

.    122.4 

85.6 

356 

Feb. 

6-12 

6-7 

339.0 

153.7 

120.8 

64.5 

358 

1 

592.2 

Animal  S,    Period  II,    Co 
6-7       358.2    '     140.4 

m  ration. 

Feb. 

13-19 

151.1 

66.7 

372 

20-26 

^ 
4 

413.9 

163.6 

118.9 

131.4 

1      386 

27-Mar. 

4     7-8 

445.7 

196.0 

122.7 

127.0 

393 

Mar. 

5-11 

7-8 

445.7    ' 

176.5 

149.3 

119.9 

401 

12-18 

7-8 

445.7 

170.4 

179.2 

96.1 

404 

19-25 

7-8 

445.7 

183.9 

187.3 

74.5 

415 

615.6 
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ration  should  have  materially  decreased  the  nitrogen  in  the  urine 
if  it  were  true  that  practically  one-fourth  oif  the  nitrogen  of  the 
alfalfa  was  in  useless  form  and  unsuited  for  building  purposes. 
The  h3rpothesis  that  there  is  formed  in  the  digestive  tract  from  the 
"amide  nitrogen"  indigestible  bacterial  proteins  also  does  not 
receive  support  from  our  data.  In  the  two  weeks  before  and 
after  the  change  in  ration  the  nitrogen  content  of  the  feces  is  prac- 
tically identical.  Apparently  the  two  sources  of  nitrogen  are 
being  handled  in  identical  fashion. 

Ammal  4  stored  during  the  com  period  879.3  grams  of  nitrogen 
or  35.4  per  cent  of  the  total  intake.  Diuing  the  alfalfa  period 
822.8  grams  were  stored  or  29.6  per  cent  of  the  total  nitrogen 
ingested.  Here,  again,  as  with  animal  number  3,  the  first  week 
showed  a  very  high  nitrogen  retention,  amounting  to  44  per  cent 
of  the  total  intake.  This  followed  immediately  a  period  of  nitro- 
gen starvation  and  accounts  for  such  high  efficiency.    This  com- 

TABLE  VIL 

Record  of  income,  outgo,  retention  of  nitrogen,  feed  consumed  and  gain  in 

live  weight. 

Animal  4-    Period  /.    Corn  ration. 


DATS 

rxKD 

N 

INTAKB 

N 

INTWCZS 

N 

IN  URIKS 

N 

HETAIliBO 

LIVE 
WEIOBT 

(initial, 

387  LBS.) 

pounit 

iframt 

gramt 

grama 

grama 

pounds 

Jan.     2-8 

6-7 

342.2 

112.1 

77.2 

152.9 

379 

^15 

7 

390.0 

134.6. 

131.7 

123.7 

382 

16^22 

7 

390.0 

1^.3 

118.5 

124.2 

385 

23-29 

8 

451.9 

161.5 

103.4 

187.0 

400 

30-Feb.  5 

8 

451.9 

173.9 

125.5 

142.5 

407 

6-12 

8 

451.9 

166.4 

126.5 

149.0 
879.3 

415 

Animal  4.    Period  II,    Alfalfa  ration. 


Feb.  13-19 

7-8 

443.8 

169.9 

113.8 

160.1 

424 

20-26 

8-9 

476.1 

174.1 

123.6 

178.4 

.   435 

27-4 

9 

492.2 

194.6 

135.5 

162.1 

440 

Mar.    5-11 

8 

451.9 

182.8 

185.4 

83.7 

430 

12-18 

8 

451.9 

156.7 

171.0 

124.2 

442 

19-25 

8 

451.9 

169.6 

168.0 

114.3 

822.8 

432 
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paratively  high  retention  continued  during  both  periods  of  feeding 
and  was  practically  parallel  with  that  of  animal  3.  During  the 
com  period  55  per  cent  of  the  total  nitrogen  absorbed  from  the 
intestine  was  retained,  while  in  the  alfalfa  period  48  per  cent  was 
retained.  With  both  animals  there  was  a  slow  decrease  in  the 
rate  of  nitrogen  retention  as  the  periods  progressed.  When  the 
rations  were  suddenly  changed  there  was  in  both  cases  an  increase 
in  the  rate  of  nitrogen  retention  for  a  two  weeks'  period  and  then 
a  decrease.  Such  variations  axe  difficult  to  explain  and  at  present 
can  only  be  interpreted  on  the  basis  of  lags  in  elimination.  Such 
rises  and  falls  may  occur  any  time  in  the  period  of  feeding  as  illus- 
trated in  charts  III  and  IV,  which  show  the  curves  of  nitrogen 
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retention  and  consumption  for  animals  3  and  4.  Animal  4  gives 
a  clear-cut  demonstration  of  the  failure  of  a  sudden  change  from 
the  com  to  the  alfalfa  ration  to  raise  the  nitrogen  excretion  in 
either  urine  or  feces.  Even  for  two  weeks,  which  is  beyond  the 
range  of  a  lag  of  elimination,  the  nitrogen  in  the  feces  and  urine 
did  not  rise  perceptibly  above  what  it  was  in  the  last  week  on 
the  com  ration. 

At  the  end  of  this  period  of  feeding,  both  animals  were  again 
plaiced  upon  the  nitrogen-low  ration  of  straw  and  starch  for  a 
period  of  ten  days  for  the  piupose  of  again  determining  the  ratio 
of  creatinine  nitrogen  to  the  total  urinary  nitrogen.    In  the  case 
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of  animal  3  this  rose  on  March  31  to  25.7  per  coit  and  remained 
near  this  figure  until  the  close  of  the  record,  April  3.  Animal  4 
did  not  show  such  a  high  relation,  reachmg  17.7  per  c^it  on  March 
31  and  19  per  cent  on  April  3. 

Ref^ence  to  table  VIII  shows  that  during  the  first  three  weeks 
of  observation  on  a  nitrogen-low  ration  the  average  daily  creatinine 
excretion  decreased  from  3.67  grams  to  2.14  grams  in  animal  3 
and  from  3.39  to  1.61  grams  for  animal  4.  This  decrease  was 
possibly  due  to  protein  losses  from  the  body.  In  table  VIII  is 
recorded  the  average  daily  creatinine  excretion  in  grams  for  the 
entire  period  of  experimental  feeding. 

It  is  apparent  from  the  data  that  for  a  time  there  was  a  steady 
rise  of  creatinine  output  accompanying  nitrogen  storage.  With 
animal  4  this  reached  a  maximum  a  consid^^ble  nxunber  of  weeks 
before  the  end  of  the  experiment  and  while  she  was  still  growing 
and  storing  nitrogen.  Animal  3  rose  to  a  high  output  on  the  week 
of  February  27  to  March  14,  then  decreased  and  rose  again  show- 


TABT.E  Vin 

[. 

Record  of 

creatinine  excretion  during  the  entire  period  of  feeding. 

A 

nimal  5. 

AVERAGE 

1 

Animal  4. 

1 
1 

▲TSBAOK 

DATE 

FCCO 

DAILY 

DATE                                rSKD 

DAILY 

< 

[TBEATINIXf 

gram* 

• 

, 

CRSATIKIK* 

1 

granu 

Dec.12-18 

Starch-  1 

3.67 

Dec. 

12-18 

Starch-  1 

3.39 

19-25 

straw 

2.71 

,1 

19-25 

"  straw 

2.65 

26- Jan.  1 

period 

2.14 

1 

26-Jan.  l 

period    J 

1.61 

J 9 a.    2-8         t 

Alfalfa 

2.47 

Jan. 

2-8 

Cora 

2.78 

9-15 

Alfalfa 

2.74 

9-15           Cora 

2.77 

16-22 

Alfalfa  .  1 

2.75 

16-22            Cora 

2.64 

23-29 

Alfalfa 

1 

3.28 

23-29            Cora 

3.36 

SO-Feb,  5 

Alfalfa       1 

3.68 

30-Feb.  5     Corn 

4.13 

Feb.   6-12        ; 

Alfalfa 

3.74 

Feb. 

6-12            Cora 

4.28 

13-19 

Corn 

4.11 

13-19           Alfalfa 

4.44 

20-26        ' 

Com 

4.10 

20-26        j    Alfalfa 

4.20 

27-Mar.  4 

Corn 

4.21 

27-Mar.  4    Alfalfa 

4.33 

Mar.  5-11 

Corn 

3.79 

Mar. 

5-11 

Alfalfa 

4.10 

12-18 

Corn 

3.38 

'1 

1 

12-18 

Alfalfa 

3.14 

19-25 

Com 

4.25 

'1 

19-25 

Alfalfa 

4.15 

25-Apr.  3 

[Starch-  1 
<  straw 
[  period    . 

4.45 

'f 

''I 

'i 

25-Apr.  3 

Starch- 
straw 
period    ^ 

4.18 
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ing  a  maximum  in  the  la^t  ten  days  or  during  the  staxch^traw 
period.  As  a  product  of  endogenous  metabolism  it  should  rise 
in  the  amount  excreted  accompanying  protein  storage,  if  there 
were  no  agents  of  destruction  or  if  it  can  be  looked  upon  as  a 
quantitative  end  product  of  endogenous  metabolism.  According 
to  Gottlieb  and  Stangassinger^^  both  creatinine  and  creatine  are 
destroyed  by  tissue  enzymes,  but  Mellanby^^  denies  this.  In 
experiments  with  five  pigs,  McCoUum^  obtained  in  two  cases  very 
satisfactory  data  on  the  quantitative  relation  of  the  rise  of  creati- 
nine output  with  nitrogen  storage  although  with  the  other  ani- 
mals'* he  was  imable  to  secure  such  concordant  data.  This  work 
will  be  reported  in  detail  later,  as  well  as  a  further  discussion  of 
the  factors  affecting  creatinine  excretion.  It  is  very  apparent 
that  with  heifers  the  rise  of  creatinine  excretion  is  not  a  quantita- 
tive accompaniment  of  protein  storage  and  imfortunately  cannot 
be  made  the  index  for  measuring  the  efficiency  for  growth  of  various 
rations.  Apparently  the  amount  of  creatinine  excreted  in  the 
urine  is  the  total  creatinine  of  endogenous  metabolism  minus  that 
which  has  been  destroyed  in  the  tissues. 

GENERAL  DISCUSSION. 

In  experiments  of  this  character  too  much  stress  cannot  be  laid 
on  the  importance  of  maintaining  a  normal  condition  of  the  animal 
and  of  continuing  the  experiment  over  a  long  period  of  time.  The 
weakness  of  so  many  experiments  dealing  with  this  question  of 
the  relative  value  of  "amide  nitrogen"  has  been  due  to  an  attempt 
to  feed  an  extract  of  plant  tissue  or  a  pure  compound  such  as 
asparagine.  The  first  invariably  leads  to  the  production  of  diar- 
rhea and  the  second  does  not  represent  the  status  of  a  large  part 
of  the  "amide  nitrogen"  of  plant  tissue.  In  o\ir  work  we  have 
made  use  of  a  method  of  comparison  using  the  same  animal  for  one 
period,  on  a  ration  the  protein  of  which  was  almost  wholly  made 
up  of  true  digestible  protein  of  a  cereal  grain,  and  for  the  second 
period  on  the  digestible  protein  of  a  legume  hay  which  includes 
the  "amide  nitrogen."    The  nutritive  ratios  of  the  two  rations, 

**  Zeitschr.  /.  physioL  Chem.,  lii,  p.  14,  1900. 
**Joum.  of  PhysioL,  xxxvi,  p.  461.  1908. 
"  Research  Bulletin  21,  Wisconsin  Exp.  Sta. 
"  This  Journal,  xi,  p.  15,  1912. 
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1.  On  the  basis  of  total  nitrogen  ingested,  the  utilization  of 
nitrogen  for  growth  was  as  eflBcient  when  the  source  was  from 
alfalfa  hay  as  when  it  came  from  the  com  kernel. 

2.  With  high  intake  of  total  digestible  crude  protem,  which  in 
the  case  of  alfalfa  includes  the  "amide  nitrogen,"  the  storage  of 
nitrogen  was  essentially  alike  on  the  two  rations. 

3.  There  was  no  sudden  decrease  or  increase  in  the  nitrogen 
content  of  the  urine  or  feces  when  the  animals  were  suddenly 
changed  from  one  ration  to  the  other.  This  is  evidence  that  the 
"amide  nitrogen"  was  being  used  in  the  same  way  as  the  true 
protein  nitrogen. 

4.  It  is  apparent  from  our  data  that  full  value,  at  least  for 
growth,  can  be  given  to  the  total  nitrogen  of  alfalfa  hay.  The 
"amide  nitrogen"  should  not  be  considered  worthless.  The  influ- 
ence on  milk  production  will  be  studied  later. 

5.  With  growing  heifers  there  was  no  very  concordant  rise  in 
creatinine  output  with  increased  storage  of  nitrogen.  This  pre- 
cludes the  possibility  of  using  this  index  for  these  animals  as  a 
measure  of  the  eflBciency  of  a  given  source  of  nitrogen  to  produce 
nitrogen  storage. 


ANIMAL  CALORIMETRY. 

FIFTH  PAPER. 

THE  INFLUENCE  OF  THE  INGESTION  OF  AMINO-ACIDS 

UPON  BfETABOLISM. 

By  GRAHAM  LUSK. 
With  the  Assistance  of  J.  A.  Richb. 

(.From  the  Physiological  Laboratory ^  Cornell  Medical  College^  New  York  City.) 

(Received  for  publication,  September  14, 1912.) 

CONTENTS. 

I-  Introduction 155 

II.  Experimental  procedure 157 

III.  Elxperimental  part 157 

A.  Liebig's  extr^t  of  beef 157 

B.  25  grams  of  glycocoll 162 

C.  20  grains  of  t-alanine ^ , 168 

D.  20  grains  of  t-glutamic  acid 169 

E.  20  grams  of  i-leucine 171 

F.  20  grams  of  tyrosine 173 

G.  5.5  grams  each,  of  glycocoll,  alanine,  glutamic  acid,  leucine 

and  tyrosine 174 

H.  100  grams  of  meat 176 

rV.  General  statistics 177 

V.  Summary 180 

I.   INTRODUCTION. 

The  immediate  and  profoimd  eflfect  of  ingesting  meat  in  large 
quantity  was  shown  and  analyzed  in  the  second  paper  of  this 
series.  It  will  be  recalled  that  Rubner  suggested  that  protein 
might  be  of  value  to  the  life  processes  in  the  organism  only  in  so 
far  as  it  was  convertible  into  dextrose,  the  rest  of  the  protein 
being  oxidized  with  the  production  of  heat  which  is  not  available 
to  maintain  the  motions  of  cell  life.    Recent  work  of  thewriteri 

*  Lusk:  Amer,  Journ.  of  Physiol.,  xxii,  p.  174,  1908. 
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and  of  ff iin^i  1  and  Lusk^  has  sfaown  that  gijoocoD  and  i-alanine 
are  aamfteUij  conrerted  into  dextroee  bv  the  phlorfaizimzed 
dog.  and  that  three  atcxns  of  carbon  contained  in  aspartic  and 
ghftaiBJr  adds  are  also  conTert3)le  into  dextroee.  These  four 
amino-acids  jieid  about  one-half  of  the  sugar  doived  from  protein 
BKCaboGan  in  phkHhizin  ^cosnria.'  TUs  information  presented 
the  pooeibifity  of  testing  the  raficfity  of  Bnboer's  hypothesis,  and 
as  far  back  as  1906  the  writer^  gare  40  grams  of  dexbx)se  to  a  dog 
and  then  20  grams  of  dextrose  to  which  16  grams  of  alanine  were 
added,  and  ooted  no  change  in  the  meCaboBsm  during  tw^ity- 
four  hours  as  determined  by  the  Pettenkofer-VcMt  respiration 
apparatus.  Other  simflar  e^ieriments  showed  that  the  addition 
of  24  gruns  of  t3rroane  and  of  40  grams  of  ^utamic  acid  to  s 
standard  <fiet  were  without  effect  upon  the  metabolism  of  the 
animal  These  e^Kriments  hare  never  been  puUi^ed  in  detail 
and  there  is  now  no  reason  for  such  pubfication.  As  will  be  shown 
in  paper  ax,  the  action  of  the  amino^acids  was  masked  by  the 
mass  action  of  dextrose  at  oi  the  standard  (fiet  ghren. 

In  paper  three,  it  was  demcHistrated  that  20  grams  of  dextroee 
admintstered  to  Dog  11  caused  in  one  iiistance  no  ^ect  on  metabo- 
fisnu  while  in  another  instance  it  caused  a  slight  increase  and  this 
only  during  the  second  hour.  If  25  grams  of  glycocoll  or  20  grams 
of  alanine  which  are  con^detdy  conTertible  into  20  grams  of  dex- 
trose in  metabofism,  bdiave  like  dextroee,  then,  after  thdr  inges- 
tion, they  should  cause  only  a  slight  rise  in  the  heat  {HtKluction. 
If  ^utamic  acid  be  given  it  mi^t  show  a  "specific  djmamic^' 
action,  for  three  of  its  carbcm  atc»ns  are  convertiMe  into  dextrose 
while  two  on  oxidation  mi^t  furnish  free  heat  to  the  body.  Also 
tyrosine,  with  its  many  deavages  before  it  reaches  a  stage  for  use 
by  the  cells  in  metabolism^  mi^t  show  a  pronounced  effect  upon 
the  heat  production.  The  writer  freely  admits  that  these  were 
the  results  which  he  was  prepared  to  find.  Prior  to  the  work 
here  presented,  his  ideas  on  this  subject  had  been  essentially 
derived  from  the  teachings  of  Rubner. 


•  Ringer  and  Losk:  Zextsck'.  /.  ?*>.*.  ,\  r*ri,.  Ixvi,  p.  106.  1910. 
«Lask:  Phlorhmngiukosurie,  f-3^^^,  rf,  P»..>:  ^\,  3di,  p.  315.  1912. 
::  Prof.  &V.  Exp,  BiW.  an.f  Xlf^d,,  rii,  p,  136,  1910. 


Graham  Lusk  157 

II.  EXPERIMENTAL  PROCEDURE. 

The  experiments  were  conducted  as  m  paper  three  upon  Dog 
II.  The  same  standard  diet  was  administered  at  six  o'clock  in 
the  evening.  The  amino-acid  was  dissolved  or  suspended  in  160 
cc.  of  warm  water  containing  2  grams  of  liebig's  extract  of  beef 
and  given  at  noon. 

The  total  nitrogen  and  urea  plus  ammonia  nitrogen  were  deter- 
mined in  hourly  periods  in  the  dog  on  occasions  when  the  meat 
extract  was  given,  and  the  animal  was  npt  put  in  the  calorimeter. 
Under  similar  conditions,  total  nitrogen  and  urea  plus  ammonia 
nitrogen  were  determined  in  hourly  periods  after  an  amino-acid 
had  been  ingested  with  the  liebig  broth.  The  difference  between 
the  urea  plus  ammonia  nitrogens  in  the  two  instances  was  assumed 
to  represent  the  amino-acid  destruction  of  the  hour.  The  differ- 
ence  between  the  total  nitrogens  of  corresponding  hours  repre- 
sented approximately  the  amino-acid  metabolized  plus  the  amino- 
acid  eliminated  as  such.  The  true  protein  metabolism  of  the 
time  was  assumed  to  be  the  nitrogen  which  would  have  been  elimi- 
nated had  no  amino-acid  or  beef  extract  been  administered.  From 
the  values  thus  calculated,  approximate  figures  were  obtained 
which  represented  the  protein  and  amino-acid  metabolism  during 
the  hours  when  the  animal  was  in  the  calorimeter.  A  similar 
procedure  was  employed  with  Dog  I  in  paper  two  when  meat  was 
ingested. 

In  order  to  determine  the  indirect  calorimetry  when  amino- 
acids  are  metaboUzed,  the  table  on  page  158  was  prepared. 

III.   EXPERIMENTAL  PART. 

The  full  analytical  details  of  all  the  experiments  are  given  in 
the  Appendix,  Table  I. 

A,  lAebig^s  extract  of  beef. 

Both  Rubner*  and  Btirgi*  have  demonstrated  that  the  constitu- 
ents of  Liebig's  extract  of  beef  are  very  largely  ready  for  elimi- 
nation in  the  urine.    The  researches  of  Pawlow  and  his  pupils 

*Rubner:  Zeitachr.  f.  Biol.,  xix,  p.  343,  1883. 
•Btirgi:  Archiv  fUr  Hygiene,  li,  p.  1,  1904. 
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have  shown  that  meat  extracts  stimulate  a  secretory  flow  of  diges- 
tive juice  in  both  stomach  and  pancreas.  An  experiment  by 
Cohnheim^  indicates  that  the  metaboUsm  of  a  fasting  dog  may 
be  increased  9  per  cent  in  three  hours,  when  meat  which  passes 
out  through  an  oesophageal  fistula  is  given.  Such  ''fictitious  feed- 
ing'' stimulates  the  flow  of  both  gastric  and  pancreatic  juices. 
However,  Cohnheim  made  no  record  of  the  movements  of  the  dog 
during  the  period  of  observation  and  these  might  easily  have 
produced  the  differences  in  the  heat  production  reported. 

In  considering  the  following  results,  obtained  after  giving  2 
grams  of  Liebig's  extract  of  beef  in  150  cc.  of  water,  one  must 
remember  that  the  basal  metaboUsm  of  this  dog  was  shown  to 
be  16.2  calories  per  hour  (paper  three).  An  experiment  showing 
this  is  here  reproduced  for  comparison  with  the  results  after  giv- 
ing liebig's  extract. 

The  infliience  of  Liebig*8  extract  on  metabolism. 


Exp.  21 

.    Februast  5 

TIME 

NO  rooD 

Protelo 

Calories 

N 

Calc. 

Found 

p.m. 

1.00-2.00 
2.00-3.00 
3.00-4.00 

0.09^ 
0.094 
0.094 

15.43 
16.03 
18.33 

15.11 
16.37 
17.35 

49.79 

48.83 

Total  per  hour 

16.6 

£XP.  22.     FXBRUAST  8 


uebig'8  extract 


Exp.  38.    March  22 


Protein 

N 


Calories 


Cale.     Found 


LIEBIO  8  EXTRACT 


Protein 

N 


gram   <  I   gram 

0.136:  15.06  16.56|  0.14^ 


0.1361 
0.1361  17. 


16.37  16.15, 


62 


49.05 


16.95 


49.66 


16.4 


0.142 


Calories 


Calc.  I  Found 


14.92   15.32 
15.44   15.65 


0.142,  16.15,  16.56 


46.51  47.43 


15.5 


The  above  table  shows  an  average  metabolism  of  16  calories 
I>er  hour  after  ingesting  2  grams  of  Liebig's  extract  in  150  cc.  of 
warm  water  and  it  is  evident  that  Ldebig^s  extract  is  without  infivr- 
ence  upon  the  metabolism  in  spite  of  the  glandular  activity  it  is  known 
to  induce. 

The  urinary  analyses.  The  nitrogen  content  of  2  grams  of  lie- 
big's extract  of  beef  was  found  to  be  0.156  gram.  After  ingestion 
of  this  quantity  in  150  cc.  of  water,  urinary  analyses  were  made 
in  hourly  periods  with  the  following  results. 

'  Cohnheim:  ArchivfUr  Hygiene^  Ivii,  p.  401,  1906. 
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Urinary  analyaes  after  giving  Liebig*8  extract. 

• 

Mabch21 

MABCH28 

TIME 

TOTAL  N 

CB«A  +  NHt 

N 

TOTAL  N 

xmmjL  +  NHi 

N 

ffTom                   QTUfn 

^roifi 

gram 

12.0Q-1.00 

0.201       1 

0.154 

0.152 

l.OQ-2.00 

lost         ] 

0.169 

0.162 

2.00-3.00 

lost         1 

0.176 

0.156 

3.00-4.00            '        0.140      .        0.121 

0.150 

0.126 

4.00-5.00            !        0.121 

0.104 

0.140 

0.122 

5.00-6.00                   0.114 

0.104 

Total 

0.789 

0.718 

On  March  28  the  urea  plus  ammonia  N  was  91  per  cent  of  the  total  N. 

On  the  calorimeter  days  analysis  of  the  urines  during  periods 
of  four  hours  and  ten  minutes  showed  the  following. results  which 
are  compared  with  estimated  results  based  on  the  analysis  of  the 
urine  of  March  28. 


OATB 


February  6 
March  22 
March       28 


12.00-4.10  0.723 
12.00-4.10  ;  0.747 
12.00-4.10     0.672(calc.) 


UBBA  +  NHl    1    URSA  +  NHl 

N  N 


gram 

0.688 
0.641 
0.616 


per  cent 

95 
86 
92 


If  one  now  considers  the  variations  in  nitrogen  elimination  during 
the  same  hours  when  no  Liebig's  extract  was  given,  these  are 
found  to  be  as  much  as  0.038  gram  per  hour  as  appears  from  the 
following  table: 


DATE 


December  2 
January  22 
January        26 


N  PER  HOUR 

0.133 
0.124 
0.095 


DATE 


January  30 
February  5 
April  22 


N  PEB  HOUR 

0.130 
0.094 
0.132 


It  appears  from  the  above  that  the  value  of  the  nineteenth  to 
the  twenty-second  hours  after  food  ingestion  is  usually  about 
0.132  gram  of  nitrogen  as  found  on  April  22.     Assuming  a  value 
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of  0.132  per  hour,  then  0.549  gram  would  be  elhninated  during 
four  hours  and  ten  mmutes. 

Considermg  now  the  elimmation  of  nitrogen  during  the  same 
interval  of  time  after  meat  extract  containing  0.156  gram  of  nitro- 
gen was  admmistered,  the  following  differences  are  found: 

Date  Total  N  Extra  N 

February  6 0.723  -  0.549  =  0.174 

March  22 0.747  -  0.549  =  0.198 

March  28 0.672  -  0.549  =  0.123 


It  is,  therefore,  evident  that  the  nitrogen  ingested  in  the  meat 
extract  is  essentially  eliminated  diuing  the  first  four  hours  after 
its  administration. 

To  estimate  the  protein  metabolism  of  February  6,  when  meat 
extract  was  given,  one  might  assume  (1)  the  value  of  the  hourly 
nitrogen  elimination  of  the  day  previous  (=  0.094),  or  (2)  one 
might  deduct  from  the  nitrogen  in  the  urine  of  the  period  the 
nitrogen  content  of  the  liebig  extract  given  (0.723  —  0.156  = 
0.567)  which  gives  an  hourly  excretion  of  0.136  gram,  a  more 
probable  value.  A  similar  calculation  for  the  urine  of  March  22 
shows  an  hourly  value  of  0.142  gram  of  nitrogen. 

The  metabolism  of  February  6  has  been  calculated  on  the  basis 
of  both  methods  of  estimating  the  protein  nitrogen  eUmination 
with  the  following  results: 

Influence  of  small  variations  in  protein  metabolism  upon  the  calculation  of 

results. 


TIME 

N 

IN  URINE 

NON- 
PROTEIN 
R.   Q. 

CALORIES 

N 

IN  URINE 

NON- 
PROTEIN 
R.   Q. 

1    CALORIE8 

1 

1.0O-2.00 
2.00-3.00 
3.00-4.00 

0.094 
0.094 
0.094 

0.88 
0.82 
0.73 

15.15 

16.48 
17.71 

0.136 
0.136 
0.136 

0.88 
0.81 

0.72 

j     15.06 
16.37 
17.62 

49.34 

,    49.05 

1 

This  table  shows  that  however  crude  the  method  of  analysis 
may  appear  to  the  critical,  the  general  result  is  practically  unin- 
fluenced by  a  i)ossible  error  of  0.042  gram  of  estimated  protein 
nitrogen  elimination  per  hour. 
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above  experiment,  the  heat  production  after  giving  25  grams  of 
glycocoil  "amomited  to  160.9  calories  for  a  period  of  eight  hours, 
an  increase  of  31.3  calories  above  the  basal  value.  Since  the 
ingested  glycocoll  jdelds  46.15  calories  in  metabolism,  it  may  be 
calculated  that  the  specific  dynamic  action  of  glycocoll  is  70,  Using 
a  calculation  (see  below)  which  indicates  that  8  per  cent  of  the 
absorbed  glycocoll  is  eliminated  unchanged  in  thie  urine,  the  spe- 
cific dynamic  action  may  be  estimated  to  be  74.  This  is  calcu- 
lated after  the  manner  of  Rubner.  If,  however,  one  considers 
the  very  low  level  of  glycocoll  metabolism  during  the  second  and 
third  hours  as  measured  by  the  extra  urea  plus  ammonia  excretion, 
it  is  apparent  that,  although  no  considerable  quantity  of  glycocoll 
is  destroyed,  yet  the  heat  production  is  about  at  its  maximum 
during  these  hours.  There  is  a  rise  of  5  calories  above  the  basal 
metabolism,  during  the  second  hour,  although  the  calories  from 
glycocoll  metabolism  are  indicated  as  being  only  0.73  (or  only 
3.15  calories  if  the  estimated  glycocoll  metabolism  of  the  next  two 
hours  be  included).  In  the  interpretation  of  these  results,  valued 
information  is  to  be  obtained  from  the  work  of  Folin  and  Denis.^ 
These  authors  find  that  one  hour  after  the  administration  of  about 
2  grams  of  glycocoll  to  anesthetized  cats,  the  "non-protein  nitro- 
gen" (which  must  contain  absorbed  glycocoll)  has  increased  in 
the  blood  and  in  the  tissues,  but  there  has  been  no  increase  in  the 
quantity  of  urea  nitrogen  in  either  locality.  The  urea  formation 
begins  about  an  hour  after  the  ingestion  of  the  material.  From 
one  experiment  (in  which  the  kidney  function  was  undisturbed) 
the  following  details  are  reproduced. 

Glycocoll  given  J  1.867  grams;  absorbed  j  0.917  grams. 
Values  y  milligrams  in  100  grams  substance. 


CAROTID  BLOOD 

MUSCLE 

TIME 

UHEA  N 

NON- 
PBOTEIN  N 

UREA  N 

'              NON- 
PROTEIN N 

At  start 

After  2  hours 

34 
44 
50 
60* 

60 

100 
101 
124* 

42 
54 

248 

After  3  hours 

After  4  hours 

304 

•  lilac  artery. 

•Folin  and  Denis:  This  Journal^  xii,  p.  141,  1912,  and  their  previous 
papers. 
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It  appears  from  this  that  the  absorbed  amino-acids  circulate 
in  the  blood,  and  are  retained  in  the  muscle  tissue,  while'after  one 
hour  the  urea  rises  in  the  blood  in  response  to  the  increased  pro- 
duction of  urea  in  the  tissues.  These  results  are  interpretative  of 
the  nitrogen  figures  representing  the  glycocoU  metabolism  in  the 
dog  as  shown  above,  and  indicate  that  they  give  an  approximate 
idea  of  the  actual  happenings. 

Since  there  is  a  great  rise  in  metabolism  during  the  second  hour 
after  glycocoU  ingestion  and  this  is  not  accompanied  by  a  large 
metabolism  of  absorbed  glycocoU,  it  is  evident  that  glycocoU  acts 
as  a  stimulus  to  increase  the  oxidative  processes  in  the  organism. 
Furthermore,  since  the  high  metabolism  is  found  during  the  second 
hour  when  the  urea  production  from  glycocoU  is  stiU  low,  it  appears 
that  the  increased  metabolism  is  due  to  the  direct  stimulus  of  glycocoU 
itself  and  not  to  any  process  concerned  with  intermediary  metabolism 
such  as  the  process  of  deaminizaiion. 

Comparison  to  show  the  similarity  between  the  metabolism 
after  the  ingestion  of  20  grams  of  dextrose  which  exerts  a  specific 
dynamic  action  of  3.2  with  that  produced  by  its  isoglucosic  equiva- 
lent, 25  grams  of  glycocoU,  which  exerts  a  specific  dynamic  influ- 
ence of  70,  breaks  down  completely.  Most  dogs  drink  a  solution 
of  dextrose  of  their  own  free  will.  They  drink  a  solution  of  glyco- 
coU the  first  time  it  is  offered  to  them,  but  not  readily  after  that. 
GlycocoU  solutions  are  often  vomited  and  some  dogs  never  retain 
them.  Both  materials  have  a  sweet  taste,  and  yet  their  action 
on  the  stomach  wall,  as  well  as  upon  the  cells  of  the  organism  in 
general,  is  distinctly  different.  It  may  be  suggested  that  the 
action  of  glycocoU  is  merely  through  the  sensory  stimulation  of 
the  mucous  membrane  of  the  stomach  and  intestines,  but  the 
continuation  of  the  increased  metabolism  for  seven  or  eight  hours 
after  the  ingestion  of  the  material  and  long  after  the  sensation  of 
nausea  has  passed  away,  disproves  this.  Furthermore,  urea  solu- 
tions which  produce  nausea  and  often  vomiting,  have  no  influence 
whatever  upon  metaboUsm  as  shown  in  paper  three.  In  the  experi- 
ments here  described,  the  dog  betrayed  no  signs  of  nausea  but  in 
the  two  instances  remained  in  the  calorimeter  without  moving 
during  the  first  hour  of  the  experiment. 


Graham  Lusk  165 

In  the  work  of  Ringer  and  Lusk^  it  was  shown  that  the  nitrogen 
and  sugar  which  arise  from  the  ingestion  of  20  grams  of  glycocoll 
by  a  phlorhizinized  dog  are  usually  completely  eliminated  in 
twelve  hours.  In  the  present  experiment  it  is  found  that  the 
maximal  action  on  metabolism  takes  place  during  the  second  to 
fifth  hours,  during  which  the  mass  action  of  the  entering  amino- 
acids  may  be  greatest.  With  the  completion  of  the  absorption 
and  the  destruction  of  the  amino-acids  as  such,  this  mass  action 
upK)n  the  cells  diminishes  with  an  accompanying  diminution  in  the 
intensity  of  metabolism. 

It  will  be  noted  that  the  behavior  of  glycocoll  is  entirely  similar 
to  the  behavior  of  meat,  as  has  been  set  forth  in  paper  two  of  this 
series.  Glycocoll,  the  simplest  of  the  amino-acids,  has  the  most 
profound  effect  of  all  those  which  have  been  studied.  How  impor- 
tant the  effect  of  glycocoll  upon  the  general  metabolism  is,  cannot, 
with  certainty,  be  stated  until  it  is  known  whether  the  large  amount 
excreted  after  the  administration  of  benzoate  of  soda^®  corresponds 
to  the  amoimt  produced  normally. 

The  urinary  analyses.  It  has  been  admitted  that  the  calcula- 
tions of  the  hourly  nitrogen  values  after  administration  of  Liebig's 
extract  could  not  be  exactly  calculated  and  the  calculations  become 
even  more  complex  when  amino-acids  are  given  with  liebig's 
extract.  The  following  general  procedure  has  been  used.  (1) 
The  values  of  total  N  and  urea  plus  afnmonia  N  were  determined 
in  hourly  periods  after  giving  liebig's  extract.  (2)  Total  N  and 
urea  plus  anmionia  N  were  determined  in  hourly  periods  for  six 
hours  after  giving  25  grams  of  glycocoll  plus  liebig^s  extract. 
(3)  These  last  values  have  been  assumed  as  correct  during  the 
period  when  the  dog  was  in  the  calorimeter.  (4)  The  protein 
metabolism  of  the  time  has  been  taken  as  an  assumed  value  of 
the  probable  nitrogen  elimination  had  no  liebig's  extract  or  amino- 
add  been  ingested.  (5)  The  difference  between  the,  urea  plus 
•  ammonia  nitrogen  when  liebig's  extract  was  given  alone  and  when 
it  was  given  with  glycocoll,  forms  the  basis  of  the  determination 
of  the  amount  of  glycocoll  metabolized.  (6)  The  increase  in  total 
nitrogen  due  to  the  addition  of  glycocoll  to  liebig's  extract,  minus 

'Ringer  and  Lusk:  loc.  cit, 

*•  Magnus-Levy:  Mttnck,  med.  Wochenschr.y  lii,  p.  2168,  1905;  Ringer:  this 
Journal,  x,  p.  327,  1911. 
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obtained  if  the  dog  had  been  provided  with  a  catheter  and  an 
apparatus  for  the  automatic  washing  of  the  bladder  at  the  end  of 
each  hourly  period  while  in  the  calorimeter.  Although  this  could 
have  been  arranged,  yet  it  was  deemed  undesirable  on  accoimt  of 
the  necessity  of  keeping  the  dog  in  complete  repose. 

On  March  28,  the  day  on  which  liebig's  extract  alone  was 
given,  the  total  nitrogen  was  0.114  and  the  urea  plus  ammonia 
N  was  0.104  between  five  and  six  o'clock.  The  value  0.114  N 
has  been  assumed  as  representing  the  fasting  protein  metabolism 
m  the  following  experiments  after  glycocoU  ingestion  at  noon. 

On  April  13  and  23,  the  dog  was  placed  in  the  calorimeter  and 
his  metabolism  determined  between  five  and  nine  o'clock.  The 
urine  of  the  whole  period  was  analyzed  and  was  partitioned  equally 
through  the  several  hours.    The  results  were: 


DATK 

KXP.  NO.     1              TIME 

TOTAL  N 

urea+NH;  p.^  ^^ 

April    13                     48      ;  4.00-9.10 

1                   Per  hour 
AprU    23                    52      1  4.00-9.10 

Per  hour 

2.425 
0.469 
2.642 
0.511 

2.297 
0.445 
2.478 
0.479 

95 
94 

Since  the  urea  plus  ammonia  elimination  when  no  glycocoll  is 
ingested  is  0.104  gram  per  hour  (see  above)  the  nitrogen  elimina- 
tion representing  glycocoll  metabolized  would  be  in  Experiment 
48,  0.341  gram  per  hour,  and  in  Experiment  52,  0.375  gram  per 
hour.  The  high  percentage  of  urea  plus  ammonia  nitrogen  during 
this  period  of  four  hoiu^  shows  that  practically  no  glycocoll  was 
ehmmated  in  the  urine  as  such;  for,  calculated  on  the  basis  before 
described,  only  0.014  and  0.022  gram  of  glycocoll  nitrogen  per 
hour  could  be  estimated  in  the  urine.  The  values  of  0.469  and 
0.511  gram  of  total  N  metabolized  per  hour  between  four  and 
nine  o*clock  agree  with  the  values  found  on  March  28  of  0.463 
and  0.461  for  the  two  hours  between  four  and  six.  It  is  assumed 
that  the  urea  elimination  during  the  following  three  hours  did  not 
essentially  vary  from  this. 

The  method  of  determining  the  nitrogen  elimination  of  the  dog 
within  the  calorimeter  as  described  above*  was  also  used  in  the 
following  experiments  with  other  amino-acids,  and  need  not  again 
be  described. 
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C  20  grams  of  i-alanine. 

Since  20  grams  of  t-alanine  are  convertible  in  the  organism  into 
20  grams  of  dextrose,  that  quantity  was  given  in  Liebig's  extract 
of  beef  and  the  metabolism  determined  in  hourly  periods  from  the 
second  to  fifth  hour  to  discover  whether  its  behavior  was  different 
from  thaf  of  dextrose. 

The  results  were  as  follows: 


Experiment  43. 

20  grams  of  alanine  (SJ4  grams  N  and  60.7  calories)  in  160  cc.  of  toater  plus  i 

grams  of  Liebig*s  extract  at  noon. 

Values  in  calories. 


TIMB 


1.00-2.00 
2.00-3.00 
3.00-4.00 
4.00-5.00 


PROTXIN 


ALANINE 


J — , 


3.50 
3.50 
3.50 
3.50 


2.28 
2.80 
5.15 
5.23 


XON- 
PBOTBIN 


TOTAL 
CAL- 
CULATED 


TOTAL 
PODXO 


13.96 
12.17 
11.29 


19.74 
18.47 
19.94 

(19.26) 


19.45 
19.19 
19.39 
19.26 


Total 


14.00        15.46 


77.41         77.29 


The  basal  metabolism  of  the  dog  was  16.2  calories  per  hour  or 
64.8  calories  during  four  hours.  Hence  the  ingestion  of  20  grams 
of  alanine  caused  an  increase  of  12.61  calories  during  four  hours, 
which  shows  a  specific  dynamic  action  of  21  during  this  short 
period.  Folin  and  Denis  {loc.  cU.)  have  shown  that  there  is  no 
increase  in  urea  in  the  blood  during  the  first  hour  after  alanine 
ingestion,  but  that  the  quantity  of  alanine  increases  in  the  blood. 
During  the  second  hour  urea  formation  commences. 

It  will  be  noticed  that,  although  the  quantity  of  alanine  metabo- 
lized increased  hour  by  hour,  the  heat  production  reached  its 
majdmum  during  the  second  hour. 

The  behavior  of  alanine  appears  to  be  similar  to  that  of  glyco- 
coll,  but  alanine  acts  as  a  less  powerful  stimulus.  Glycocoll  caused 
a  rise  of  5  calories  during  the  first  hour,  whereas  alanine  caused  one 
of  3.5  calories. 

The  urinary  analyses.  The  urinary  analyses  were  computed 
as  in  the  subjoined  table: 
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Urinary  analyses  after  alanine  ingestion. 


TIME 


12  00-1.00 
1.00-2.00 
2.00-3.00 
3.00-4.00 
4.00-5.00 


Mabch  28 


2  GRAMS  UEBIQ'B 

EXTBACT  IN  150  CC. 

WATER 


Total  N 

0.154 
0.169 
0.176 
0.150 
0.140 


Total '    0.789 


Urett+NH» 

I         N 


April  3 


20  GRAMS  ALANINID 

PLUS  2  GRAMS  LIBBIG'B 

EXTRACT  IN  150  CC. ' 

WATER 


0.152 

0.162 
0.156 
0.126 
0.122 


0.718 
-91% 


Total  N 


0.197 
0.431 
0.461 
0.562 
0.515 


2.166 


N       H 

Urea+NHj     fcgj§ 

N         i    S    2 


0.136 
0.280 
0.301 
0.393 
0.393 


0 

0.118 

0.145 

0.267 

0.271 


1.503 
=  70% 


as 

H 
H 

H 
U 
A 

H 

O 


A 


B  Q 


sis 

Q 


•2 

.32 


0.043 
0.144 
0.140 
0.145 
0.104 


0.801    ,    0.576 


The  above  figures  show,  m  confirmation  of  Folin,  that  there 
is  no  urea  production  during  the  first  hour  after  giving  alanine. 
There  appears  to  be  a  large  excretion  of  unoxidized  alanine  amount- 
ing in  five  hours  to  18  per  cent  of  the  material  ingested.  The 
metabolism  of  alanine  as  measured  by  the  increase  in  urea  plus 
ammonia  N  rose  hour  by  hour. 

On  the  calorimeter  day,  April  1,  Experiment  43,  the  hourly 
protein  metabolism  was  assumed  to  be  represented  by  0.132  grams 
Hy  an  amount  which  was  eliminated  on  April  22,  when  no  food  was 
giv^i  at  noon;  the  amino-acid  metabolism  was  estimated  from 
the  computation  shown  above,  which  the  following  comparison 
justifies. 


DATE 


April  1 
Apnl  3 


BXTBRI- 
MENT 

43 

(est.) 


TIME 


TOTAL  N     jUBEA+NH.!    ^^^  ^^^^ 


12.00-5.10 
12.00-5.10 


2.19 
2.25 


1.53 
1.56 


70 
70 


D.  20  grams  of  i^lviamic  add. 

It  has  been  stated  that  glutamic  acid  yields  three  of  its  carbon 
atoms  as  glucose  in  the  diabetic  organism,  whereas  two  are  oxid 
ized.    Here  appeared  a  chemical  complex  which  might  serve  to 
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Urinary  analysis  after  glycocoll  ingestion. 


1 

1 

March  28 

April  Ift             i     J     ^ 

ta     S 

TUCB 

2  GRAMS  LIEBIG'S 

EXTRACT  IN  160  CC. 

WATER 

20  GRAMS  GLUTAMIC            H^  O  P 
AaD  PLUS  2  GRAMS              °  OB  i  M 

libbig's  extract  in    1     8  5  -^  3 

150  CC.  WATER             ,       SB  fc  S  2 

Sgl5 

OIITBRENCE  BBTW 
TOTAL  N  MINUS  ( 
TAMIC    ACID     ] 
GLUTAMIC    ACID 
MKTABOUSBO 

Total  N 

Urea+NH. 

N 

1 

12.00-1.00 

1.00-2.00 
2.00-3.00 
3.00-4.00 
4.00-5.00 

0.154 
0.169 
0.176 
0.150 
0.140 

0.152 
0.162 
0.156 
0.126 
0.122 

0.246 
0.289 
0.406 
0.337 
0.368 

0.208        0.056 
0.211     '    0.049 
0.306        0.150 
0.282        0.156 
0.324        0.202 

0.036 

0.073 
0.080 
0.031 
0.026 

Total 

0.789 

0.718 
-91% 

1.646 

1.331         0.613    1    0.246 

-81% 

Comparison  of  the  analysis  of  the  urine  of  April  17,  the  day 
on  which  the  dog  received  glutamic  acid  and  was  placed  in  the 
cUorimeter  with  that  of  April  16  with  the  same  diet  outside  the 
calorimeter,  showed  the  following  relations: 


DATB 

EXPERIMENT 

TIME 

TOTAL N 

UREA  -f  NHl 

N 

April  17 
April  16 

1                49 

1 

j       (est.) 

12.00-5.10 
12.00-5.10 

1.509 

1.707 

1.397 

1.387 

1 

E.  SO  grams  of  i'leitcine. 
The  following  results  were  obtained  after  giving  leucine: 

Experiment  50. 

to  grams  of  leucine  (BJ4  grams  N  and  118.9  calories)  in  160  cc.  of  water  plus  $ 

grams  of  Liebig's  extract  at  noon. 

Values  in  calories. 


TIMB 


PROTBIN 


LEUCINE 


NON-         ' 
PROTEIN     t 


TOTAL 
CAL- 
CULATED 


1.00-2.00 
2.00-3.00 
3.00-4.00 
4.00-5.00 


3.50 
3.50 
3.50 
3.50 


7.64 
6.35 
6.74 
7.57 


6.45 
6.88 
7.46 

8.27 


17.59 
16.73 
17.70 
19.34 


TOTAL 
FOUND 


17.06 
17.40 
17.68 
18.36 


Total I     14.00    ,    28.30    ,    29.06         71.36    '    70.50 
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F.  20  grama  of  lyroaine. 

The  results  of  giving  20  grams  of  tyrosine  are  presented  in  the 
following: 

Experiment  4^, 

20  grams  of  tyrosine  (1,66  grams  N  and  109.9  calories)  in  160  cc.  of  water  pita 

B  grams  of  Liebig^s  extract  at  noon. 

Values  in  calories. 


mcB 


PROTKIN     !  TTBOeiNS 


NON- 
PBOTSIN 


1.00-2.00 

2.00-3.00 
3.00-4.00 
4.00-^.00 


3.50 
3.50 
3.50 
3.50 


14.43 
14.12 
16.39 
14.68 


TOTAL 

CAL- 

CULATXD 

17.93 

17.62 
19.89 
18.18 


Total I    14.00 


59.62    '    73.62 


TOTAL 
FOUND 


16.56 

17.20 
18.56 
17.14 


69.46 


It  appears  from  this  table  that  the  metabolism  was  slightly 
increased  after  giving  20  grams  of  tyrosine.  If  the  calories  "found" 
and  "calculated"  be  averaged,  the  result  is  71.5  as  against  a  basal 
value  of  64.8  calories,  a  gain  of  7.7  calories,  or  10  per  cent  for  the 
period.  The  result  is,  therefore,  similar  to  that  obtained  with 
leucine,  except  that  in  the  case  of  leucine,  there  was  a  largely 
increased  elimination  of  urea  plus  ammonia  nitrogen  which  is  not 
evident  with  tyrosine.  It  is  possible  that  tyrosine,  even  though 
only  small  quantities  are  absorbed,  will  act  as  a  stimulus  upon  the 
cells  (see  Summary). 

The  urinary  analyses.  After  giving  tyrosine,  there  was  no  in- 
crease in  the  nitrogen  elimination  during  five  hours  which  could 
not  be  ascribed  to  experimental  error.  The  following  compares 
the  results  found  m  the  experiment  after  giving  20  grams  of  tyro- 
sine in  Liebig's  extract  with  the  figures  for  liebig's  extract  alone. 


DATE 


April      10 
March    28 


'      aXPBRI- 
'         SCKNT 


46 

(est.) 


TIME 


TOTAL N 


12.00-5.08  I    0.888 
12.00-5.08       0.808 


I         N         i 


0.786 
0.733 


PBBCXKT 


89 
91 


174 


Metabolism  of  Amino-Acids 


6.  5,5  grama  each  of  glycocoU,  alanine,  glutamic  acid,  leucine  and 

tyrosine. 

It  was  deemed  of  interest  to  determine  the  action  of  a  mixture 
of  amino-aeids  which  might  be  compared  with  100  grams  of  meat. 
To  this  end  a  mixture  of  the  five  amino-acids  ah-eady  described, 
consisting  of  5.5  grams  of  each  substance  and  being  27.5  grams  in 
all,  was  prepared.  The  values  for  the  calculation  of  the  results 
were  computed  from  the  table  given  on  p.  158  and  were  as  follows: 

Mixed  amino-acids  contain  12.47  per  cent  N. 

Average  heat  value  per  gram  »  3.894  calories. 

Average  heat  value  per  gram  N  «  31.23  calories. 

1  gram  mixed  acids  3rield8  1.474  grams  COs  for  respiration. 

1  gram  mixed  acids  requires  1.242  grams  Os  for  oxidation. 

1  gram  N  of  mixed  acids  yields  11.82  grams  COs  for  respiration. 

1  gram  N  of  mixed  acids  requires  9.96  grams  Os  for  oxidation. 

The  results  obtained  are  given  below. 

Experiment  45, 

6,6  grams  each  of  glycocoU,  alaninej  glutamic  acid,  leucine  and  tyrosine  (5.4^ 
grams  N  and  107.1  calories)  in  160  cc.  of  water  plus  t  grams  of  Liehig'i 
extract  at  noon. 

Values  in  calories. 


nMK 


PBOTSIK 


▲MINO- 
ACn>8 


1.00-2.00 
2.00-3.00 
3.00-4.00 
4.00-5.00 


3.50*      8.06' 


NON- 
PBOTBIK 


9.81' 


TOTAL 
CAL- 
CULATED 


TOTAL 
'      POUND 


21.37 

22.27 

21.37 

'    21.77 

21.37 

1    19.25 

21.37 

'    20.09 

Total . 


85.48 


83.38 


•  Values  per  hour  throuf  hout. 

The  average  of  these  results  shows  a  metabolism  amounting 
to  84.4  calories,  an  increase  of  19.6  above  the  basal  value.  No 
such  height  of  metabolism  has  been  found  except  in  the  case  of  the 
ingestion  of  25  grams  of  glycocoll.  If  the  "calories  found"  in 
the  two  experiments  be  compared,  the  results  are  seen  to  be  ifl 
close  agreement  as  appears  from  the  following: 
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1 
Toca 

25  OEAMS  OI.TCOCOLL             | 

27.5 

ORAM8  MIXBD  AlONO-ACXOt 

Calortoe  found 

Calories  found 

1.00-2.00 
2.00-^.00 
3.00-4.00 
4.00-6.00 

21.96 

21.31                 1 

21.23                 ' 

21.16 

22.27 
21.77 
19.25 
20.09 

Total 

85.66                 i 

83.38 

Since  the  mixture  of  27.5  grams  raises  the  metabolism  to  the 
same  height  as  25  grams  of  its  most  powerful  component,  and  not 
to  the  height  of  the  average  of  all,  it  appears  probable  that  the 
amino-acids  of  lower  specific  djmamic  action  each  acts  specifically, 
each  contributing  its  total  to  the  general  result.  The  total  result 
would  then  be  dependent  upon  the  mass  action  of  the  individual 
units.  It  seems  improbable  that  the  whole  result  could  have  been 
determined  by  the  action  of  5.5  grams  of  glycocoll  alone  although 
this  cannot  now  be  stated  with  certainty.  It  must  be  recalled 
in  this  connection  that  glutamic  acid  is  without  influence,  so  the 
result  was  really  produced  by  22  grams  containing  2.94  grams  of 
N  and  made  up  of  equal  portions  of  glycocoll,  alanine,  leucine  and 
tyrosine,  of  which  only  the  first  two  act  powerfully. 

The  urinary  arwlyses.  The  urine  was  not  separately  obtained 
in  hourly  periods,  but  only  the  urine  of  the  calorimeter  period  was 
collected  and  the  calculations  are  based  upon  this  whole  period. 
The  nitrogen  found,  less  the  nitrogen  obtained  when  Liebig's 
extract  was  given  alone,  gives  the  following  results: 


DATE 

EXP. 

i 

TIME 

1 

TOTAL  N 

UREA  +  NH,     PERCENT 

April      8 
March  28 

\        45 
,    (est.) 

12.00-5.12  ; 

12.00-5.12 

1 

2.039 
0.792 

1.247 

i:804    '        88 
0.720            91 

Total 

•  -1 

1 

,     1.084            87 

It  appears  that  87  per  cent  of  the  increase  in  nitrogen  excretion 
due  to  the  ingested  amino-acids,  was  in  the  form  of  urea  or  ammo- 
nia.   Since  practically  none  of  this  increase  ever  appears  in  the 
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urine  during  the  first  hour  after  the  mgestion  of  amino-aeids,  the 
urea  plus  ammonia  nitrogen  was  divided  by  4.2  hours  to  determine 
the  average  hourly  metabolism  of  amino-acid,  which  gave  the 
value  of  0.258  gram  of  N. 


H.  100  grams  of  meat. 

In  paper  two  it  was  shown  that  ingestion  of  1000  grams  of  meat 
by  the  same  dog  used  in  these  experiments,  caused  the  metabolism 
to  rise  from  16.2  to  30  calories  per  hour.  The  influence  of  100 
grams  of  meat  from  beef  heart  is  indicated  below: 

Experiment  47. 
100  grams  of  meat  (S.O  grams  N  and  78  protein  calories). 

Vcdues  in  calories. 


TIMS 


PBOTKIN 


1.00-2.00 
2.00-3.00 
3.00-4.00 


9.09 
10.52 

8.85 


Total. 


28.46 


NON-PROTEIN 

TOTAL 
CALCULATED 

TOTAL  roi7in> 

10.37              19.46 
9.68              20.20 

11.94              20.79 

1 

20.02 
19.81 
18.80 

31.99 

60.45 

58.63 

The  average  metabolism  during  three  hours  may  be  estimated 
at  59.55  calories,  an  increase  of  11  above  the  basal  metabolism. 
Assuming  for  the  sake  of  comparison,  that  the  metabolism  during 
a  fourth  hour  is  maintained  at  the  average  height  of  19.8  calories 
hourly,  as  one  may  on  account  of  the  nitrogen  in  the  urine  during 
this  hour,  the  total  metabolism  may  be  estimated  at  79.3  calories 
during  four  hours,  and  the  results  may  be  compared  with  those 
obtained  after  giving  27.5  grams  of  mixed  amino-acids,  as  follows; 


Calories  in  four  hours 

Increase  above  basal  value, 


100 grams  meat  (3 
grams  N  and  78 
protein  calof  lei) 

79.3 
14.5 


27.5  grams  mixed 
arolno-aolds  (3.46 
grams  N  and  107 
calorlee). 

84.4 

19.6 


Since,  as  has  been  said,  glutamic  acid  exerts  no  heat  increasing 
function,  it  may  be  concluded  that  22  grams  Ttiade  up  of  glycocoU, 
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alaniney  tyrosine  and  leucine  in  equal  amgunJts  and  containing 
together  2^4  grams  of  N  and  90  calories,  exerts  a  more  profound  inflvr 
ence  upon  metabolistii  than  does  100  grams  of  meat  containing  S 
grams  of  N  and  78  protein  calories,  during  an  experimental  period 
whidi  includes  the  second  to  fourth  or  fifth  hours  after  their  ingestion. 
The  higher  metabolism  after  giving  the  mixture  of  amiruMidds  may, 
in  part,  be  due  to  the  greater  rapidity  of  their  absorption  and  in  part 
to  the  particular  constituents  of  the  mixture. 

The  urinary  analysis.  On  April  9, 100  grams  of  beef-heart  were 
given  at  noon  and  the  hourly  nitrogen  excretion  showed  the  f  ollow^ 
ing  results: 

TOTAL N 

Tna  granu 

12.00-1.00 0.208 

1.00-2.00 0.343 

2.00-3.00 0.397 

3.00-4.00 0.334 

4.00-6.00 0.407 

Total 1.689 

On  April  11,  when  the  dog  was  in  the  calorimeter,  1.466  grams 
of  N  were  elimmated  between  the  hoiu^  of  twelve  and  five  o'clock. 

rv.   GENERAL  STATISTICS. 

In  the  above  research,  various  amino-acids  have  been  given 
under  such  conditions  that  their  action  during  the  second  to  fifth 
hours  after  ingestion  are  strictly  comparable.  The  following  table 
gives  a  summary  of  the  results. 
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Table  indiealing  the  ejfcifie  dynamic  action  of  varioue  amino-acideg  »epa- 
raUly,  together  and  compared  with  meat,  during  an  interval  of  four  hours. 


!  CALomiam  o 
vsQwmtx 


CALOuxs  or 

XKTABOUaM 


CAJjomxamor 


No  food 

25  grams  glycocoU 

(4.66  graiD0  N) 

20  grams  alanine 

(3.14  grains  N) 

20  grams  glutamic  acid 

(1.90  grams  N) 

20  grams  leucine 

(2. 14 grams  N) 

20  grams  tyrosine 

(1.55  grams  X) 

5.5  grams  of  eac^  of 

above  (3.46  grams  N) 
100  grams  meat 

(3  grams  \) 


0 

46.15 

60.7 

62.9 

118  9 

109.9 

107.1 

78.0 


64.8 
85.7 
77.4 
64.3 
70.9 
71.5 
84.4 
79.3* 


*  Lftit  hour  estimated. 


25  Calories 


20 


15 
10 


3  Gms. 

;  '-iv. 


,^j— iHr 


20.9 

12.6 

00 

6.1 

7.7 

19.6 

14.5 


or  nto 

CA 


I3r 


CAUO: 


45 


21 


0 


19 


19 


26.  256. 

FOOD    None  Liebig's  extract  Olycocoll 

ALONE 


-H 


u 


2fi 

AlAI 


Chart  1. — ^Dog  II.    Hourly  metabolism  beginnixg  ra 
Heavy  line — Calories  calculated.     Broken  line — Calories  found.    Dotted  line- 


Graham  Lusk 


179 


The  preceding  table  shows  that  the  simplest  amino-aeid,  glyco- 
coll,  has  the  most  powerful  action  and  that  alanine  also  has  a 
pronoimced  effect.  Leucine  and  tyrosine,  per  gram  of  substance, 
exert  about  half  the  effect  of  alanine,  while  glutamic  acid,  with 
its  two  carboxyl  groups,  is  without  influence.  The  increase  in 
the  number  of  calories  after  giving  27.5  grams  of  the  mixed  acids 
is  almost  as  great  as  when  25  grams  of  glycocoll  were  given.  The 
accompanying  chart  shows  many  of  the  essential  features  of  the 
^work. 

The  metaboUsm  of  the  amino-acids  was  at  a  higher  level  when 
they  were  mixed  together  than  when  they  were  given  alone,  as  is 
indicated  by  the  following  table: 

Urinary  N  from  amino - 
aoldfl,  metabolised  dur- 
ing five  hours. 
gramt 

Glycocoll 0.676 

Alanine 0.801 

Glutamic  acid 0.613 

Leucine 0 .  508 

Tyrosine 0.0 

Mixed  amino-acids 1 .084 


••• 


:06.       20  G. 

lie  ACID  Leucine 


206.   5.5  6.0F  EACH  100  G. 

Tyrosine  OF  THE  5  AM  I  NO  Meat 

ACIDS  3.46  G.M 


AFTER  GIVING   AMINO-.\CIDS  WITH  LIEBIG'8   EXTRACT. 

! protein  plus  amino-acid  metabolized. 
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and  for  the  thh*d  hour  it  was  106.  In  other  words,  the  increase 
in  heat  production  was  greater  during  these  hoin*s  than  could 
have  been  derived  from  the  extra  protein  metabolism  of  the  time. 

2.  After  the  ingestion  of  amino-acids,  the. most  powerful  effect 
was  produced  with  glycocoU.  After  giving  25  grams  of  glycocoU, 
there  was  an  increased  heat  production  during  a  period  of  seven 
hours  of  experimentation  which  was  equal  to  70  per  cent  of  the 
energy  in  the  glycocoU  ingested.  However,  the  maximum  increase 
in  metabolism  was  reached  as  early  as  the  second  hour.  To  throw 
further  light  upon  what  happens,  one  must  recall  again  the  recent 
experiments  of  Folin  and  Denis^^  who  show  that,  during  the  first 
hour  after  glycocoU  ingestion,  glycocoU  is  absorbed  by  the  blood 
and  is  retained  by  the  blood  and  muscle,  but  there  is  no  urea  for- 
mation until  the  second  hour.  During  the  second  and  immedi- 
ately foUowing  hours,  urea  constantly  increases  in  the  blood  and 
increases  in  the  muscle.  This  accords  with  the  fact  that  after 
giving  glycocoU  no  increased  amount  of  nitrogen  was  found  in  the 
urine  of  the  first  hour,  although  the  urine  of  the  second  hour  con- 
tained an  increased  quantity.  During  this  second  hour  the  metabo- 
lism was  raised  by  5  calories,  while  the  increased  urea  output 
indicated  a  metaboUsm  of  glycocoU  which  was  the  equivalent  of 
only  0.73  calorie.  During  three  hoiu^  the  metabolism  was  raised 
15  calories,  while  the  glycocoU  metabolism  could  be  estimated 
at  only  3.15  calories,  which  was  less  than  the  increased  heat  pro- 
duction of  the  second  hour  alone.  The  process  of  deaminization 
and  urea  formation  has  nothing  to  do  with  this  increase  in  metabo- 
lism, for  there  is  no  increased  heat  production  when  glutamic 
acid  is  oxidized.  It  seems,  therefore,  that  the  increase  in  metabo- 
lism during  the  second  hour  after  giving  glycocoU  must  be  due  to 
a  direct  stimulus  upon  the  ceUs. 

The  action  of  alanine  is  similar  but  less  powerful  than  glyco- 
coU. Leucine  also  shows  some  effect.  Tyrosine  may  influence 
the  metaboUsm  causing  a  sUght  mcrease  during  a  four-hour  period 
without  causing  any  increase  in  the  nitrogen  output  in  the  urine. 
This  action  may  be  interpreted  in  the  Ught  of  the  work  of  Folin 
and  Denis^  who  showed  that,  although  there  was  no  increase  in 
the  urea  content  of  blood  or  muscle  three  hours  after  adminis- 

"  Folin  and  Denis:  loc.  cit. 
"  Ibid, 
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were  added  to  this  diet  and  the  nitrogen  of  the  ingesta  was  7.85 
grams,  the  metabolism  of  the  sleeping  infant  rose  to  18.81  calories 
per  hour,  an  increase  of  3.9  calories  or  26  per  cent  more  than  its 
former  value.  The  casein  added  to  the  diet  was  the  equivalent 
of  5.5  calories  per  hour.  The  urine  of  the  period  before  the  high 
protein  diet  contained  2.20  grams  of  N  per  day,  and,  diuing  the 
day  of  the  high  protein  diet,  4.46,  an  increase  of  2.26  grams.  This 
increase  corresponds  to  2.6  calories  per  hour.  An  increase  in 
protein  metabolism  of  2.6  calories  per  hour  brought  about  an 
increase  of  3.9  calories  in  the  metabolism  of  the  sleeping  infant. 
This  is  the  only  instance  in  which  the  metabolism  may  be  seen  to 
be  permanently  raised  above  the  calorific  value  of  the  extra  protein 
metabolism.  The  explanation  may  lie  in  the  fact  that  the  youth- 
ful protoplasm  is  more  sensitive  to  stimuli  than  that  of  the  adult. 
In  T>og  I,  the  basal  metabolism  was  759  calories  per  square  meter 
of  surface  in  twenty-four  hours,  in  Dog  II  it  was  784,  in  a  dwarf 
nineteen  years  old  it  was  840,  whereas  in  sleeping  infants  of  three 
and  seven  months,  it  ranged  between  1000  and  1 100.  These  results 
could  be  obtained  on  account  of  comparable  conditions  of  perfect 
rest. 

As  a  final  conclusion,  it  may  be  stated  that  the  increase  in 
metabolimi  after  the  ingestion  of  meat  is  due  to  the  mass  action  of 
amino-acids  acting  as  stim^di  upon  the  cellular  protoplasm. 
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I.   INTRODUCTION. 

It  was  recognized  by  Rubner  in  his  book  Die  Gesetze  des  Ener- 
^everbrauehs  (p.  410)  that,  when  mixtures  of  fqpd-stuflfs  were 
given,  the  total  heat  production  in  the  dog  was  not  the  sum  of 

*  The  urinary  analyses  of  the  fifth  and  sixth  papers  were  accomplished 
by  Miss  Mary  B.  Wishart. 
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This  diet,  which  contained  688.2  calories  or  1380  per  square 
meter  of  surface  per  day  or  28.7  calories  per  hour,  was  needed  to 
maintain  Dog  II  during  six  months  in  equilibrium  of  substance. 
The  dog,  for  the  most  part,  lived  in  a  dog-room  at  a  variable  tem- 
pCTature  and  exercised  freely;  his  energy  production,  asleep  and 
dghteen  hours  after  food  ingestion,  was  but  16.2  calories  an  hour 
or  388.8  calories  and  784  per  square  meter  of  surface  per  day  at 
an  environmental  temperature  of  26®  to  2V.  This  shows  that 
an  increase  of  70  per  cent  takes  place  in  the  metabolism  of  the 
dog,  which  is  due  to  the  effects  of  food  ingestion,  to  mechanical 
work  and  to  thermal  influences  encountered  during  twenty-four 
hours.  During  one  period,  on  the  21st,  22nd  and  23rd  of  Novem- 
ber, the  urine  of  the  day  was  collected  and  found  to  contain  4.44, 
4.27  and  4.44  gram  of  nitnjgen  or  about  0.18  gram  per  hour. 

The  following  paper  concerns  itself  with  the  efifects  produced 
by  this  diet  and  by  variations  of  it,  during  the  first  hours  after 
its  ingestion,  the  dog  being  quietly  resting  at  an  environmental 
temperature  of  26*"  to  27"*. 

The  results  of  the  ingestion  of  the  standard  diet  are  here  pre- 
sented: 

Experiments  6  and  10, 
Standard  diet  at  noon. 


moB 


55 


e 

o 

So? 


Cal- 
culated 


nO.OO-ll.OOa.m. 
Intermission 
1. 00-2.00  p.m. 
2.00-2.00 
3.00-4.00 


Total . . . . 
Per  hour. 


0.194^  0.90 
0.230  0.96 


CALOBIE8 


23.37 

22.78 


Found 


0.133 


-I- 


2 
i 

ft,  Of 


CALORIBS 


USie'd'Found 


23.41    0.182 

22.84  0.215 

I  0.208 


46.15 
23.08 


46.26; 


0.86  I  14.54  15.45 

0.93     22.82|  21.13 

0.89  I  24.871  22.77 

0.98     23.01i  22.05 


70.70 
23.56 


65.95 


*  DetallB  In  third  paper. 


Following  the  ingestion  of  the  standard  diet,  the  metabolism 
during  the  second  to  fourth  hours  shows  an  average  heat  produc- 
tion of  23.3  calories  per  hour.  Since  the  basal  metaboUsm  has 
proved  to  average  16.2  calories  per  hour,  the  increase  amounted 
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to  7.1  calories  or  44  per  cent.  From  the  respiratory  quoti^it  it 
is  evident  that  the  greater  part  of  the  oxidative  processes  was 
concerned  with  the  metabolism  of  carbohydrate. 

The  urinary  analyses.  Following  the  ingestion  of  the  standard 
diet  at  noon,  the  urine  was  analyzed  in  hourly  periods  with  the 
following  results: 

Elimination  of  total  N  in  grams  after  standard  diet  at  noon. 


ma  Kov.  23  nov.  27  mov.  29   jak .  8  ;  ^^^^  i>»c.  13 !  ^^'  jq 


12.0O-1.00  0.146  0.154  0.20&  0.154  0.187 

1.00-2.00  0.142  0.174  0.202  0.182  0.194 

2.00-3.00  0.239  0.225  0.247  0.2151  i  0.230 

3.00-4  00  0.229,  0.241  0.255  0.208i  I  0.240 

4.00-5.00  0.251'  0.36?  0.282  0.236  0.250 


Total 1.007   1  155   1.195  0.9951.081*   1.10n.932t 


*12  to5.15  p.  m.  1 12  to  5.09  p.  m. 

• 

It  is  evident,  from  this,  that  the  hourly  nitrogen  output  'shows 
a  constantly  rising  tendency.  The  values  assumed  for  the  calori- 
meter periods  are  approximate  only,  but  it  has  already  been  set 
forth  that  a  difference  of  0.042  gram  of  nitrogen  per  hour  makes 
almost  no  difference  in  the  calculation  of  the  heat  production, 
and  this  latter  is  the  essential  point  on  the  days  when  the  calori- 
meter was  used. 

When  100  grams  of  meat  were  given  alone  instead  of  with  100 
grams  of  biscuit  meal  and  20  grams  of  fat,  the  excretion  of  nitrogen 
in  the  urine  was  much  more  rapid  as  appears  below  (see  also  fifth 
paper) : 

April  9.  1912.  Total  N. 

12.0O-1.00 0.208 

1 .00-2.00 0.343 

2.00-3.00 0.397 

3.00-4.00 0.334 

4.00-5.00 0.407 


Total 1.689 

This  can  be  due  (1)  to  a  more  rapid  absorption  of  protein  or 
(2)  to  a  more  rapid  destruction  of  amino-acids  within  the  organ- 
ism in  the  absence  of  carbohydrates. 
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B.  The  standard  diet  minus  67  grams  of  meat. 

Beginning  December  2,  only  33  grams  instead  of  100  grams  of 
meat  were  for  a  time  added  to  the  standard  diet.  On  December 
6  the  metabolism  was  determined  with  the  following  results: 

Experiment  4- 
Standard  diet  minus  67  grams  of  meat  at  noon. 


N 

IN  UBINE 

NON-PROTEIN 
R.Q. 

CAL0BIE8 

TIME 

Calculated 

Found 

1.00-2.00 
2.00-3.00 
3.00-4.00 

0.121 

0.121 
0.185 

0.90 

0.89 
0.91 

22.61 
22.12 
23.69 

20.47 
21.81 
22.99 

Total 

Per  hour 

1 
1 

■ 

68.42 

22.80 

• 

65.27 

• 

Again,  the  greater  part  of  the  non-protein  calories  is  obtained 
from  carbohydrate.  The  metabolism  is  increased  from  the  basal 
value  of  16.2  calories  to  22.8,  a  rise  of  6.6  calories  or  41  per  cent. 

The  metabolism  is  only  2  per  cent  less  than  the  average  metabo- 
lism after  giving  the  full  standard  diet.  The  withdrawal  of  67 
grams  of  meat  is,  therefore,  almost  without  influence  on  the  me- 
tabolism, although  it  has  been  shown  in  paper  five  that  100  grams 
of  meat  ingested  alone  caused  the  hourly  metabolism  to  rise  from 
16.2  to  20.2  calories,  an  increase  of  4  calories  or  25  per  cent. 

The  urinary  analyses.    See  next  section. 

C.  The  standard  diet  minus  67  grams  of  meat  plus  20  grams  of 

glutamic  acid. 

In  this  experiment,  20  grams  of  glutamic  acid  were  added  to 
the  diet  last  employed  so  that  the  1.9  grams  of  N  contained  in 
the  glutamic  acid  might  replace  the  2  grams  of  N  contained  in 
the  67  grams  of  meat  withdrawn  from  the  standard  diet.  The 
results  of  the  calorimeter  experiments  were  as  follows: 
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grams  of  glutamic  acid.    The  urine  of  the  period  contained  0.807 
gram,  of  which  93  per  cent  was  urea  plus  ammonia  nitrogen. 

From  January  2  to  4,  the  standard  diet  was  given  at  six  p.m. ; 
at  noon  on  January  3,  50  grams  of  dextrose  were  ingested  and 
two  days  later  50  grams  of  dextrose  plus  20  grams  of  glutamic 
acid  were  administered.  The  following  table  shows  the  quan- 
tity of  total  nitrogen  in  the  luine. 


Januabt  3 


January  5 


TIMS 

* 
50  ORAMB  DBXTRO0B 

50  GRAMS  DBXTR08B  + 
20  QRAMS  OL17TAMI0  ACID 

12.00-1.00 
1.00-2.00 
2.00-3.00 
3.00-4.00 
4.00-5.00 

0.067 
0.111 

0.198 
0.188 
0.149 

Total 

0.7273* 

0.713 

'  12  to  5.20. 


Since  the  nitrogen  of  glutamic  acid  readily  appears  in  the  urine 
of  a  phlorhizinized  dog  or  in  the  luine  of  a  dog  which  has  been 
given  it  with  liebig's  extract,  it  seems  that,  when  given  with 
sugar,  it  must  either  (1)  spare  protein  from  destruction  or  (2) 
form  a  synthetic  compound  with  carbohydrate  either  with  glucose 
or  with  glycogen  within  the  organism.  This  accords  with  the 
work  of  Ltithje,  Murlin  and  others  (see  second  paper). 

In  the  calculation  of  those  experiments  in  which  glutamic  acid 
was  given  with  a  mixed  diet,  the  N  eUmination  was  attributed  to 
protein  metabolism. 

Summarizing  the  total  nitrogen  excretion  for  five  hours  thus 
far  discovered,  the  following  results  are  found: 
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E.  Portion  L 

The  influence  of  a  half-portion  of  the  standard  diet  known  as 
Portion  I,  is  shown  in  the  following  experiments: 


Experiments  25  and  27. 


Portion  I  at  ) 

noon. 

1    S 

1 

s 

H 

,          CALOBIES 

e« 

'  s 

1 

TIMB 

D 

'    S5cy 

I 

as 

Cal- 
!  culated 

1 

Found 

1.00-2.00 
2.00-3.00 
3.00-4.00 
4.00-5.00 
5.00-6.00 


0.202  0.90 
0.260|  0.84 
0.278|  0.80 
0.248  0.91 


22.59J  22.75 
24.39  23.461 
20.54j  20.20' 
18.24!  18.70 


Total . . . . 
Per  hour, 


85.76,  85.11 
21.441 


103.17102.55 
20.631 


Since  the  dog  moved  during  a  period  of  eight  minutes,  between 
two  and  three  o'clock  in  Experiment  25,  thereby  causing  the  me- 
tabolism to  increase  2  calories  during  this  hour,  the  value  20.6 
calories  per  hour,  as  found  in  Experiment  27,  may  be  accepted 
as  the  true  level  of  metaboUsm  during  the  second  to  sixth  hour 
after  the  ingestion  of  Portion  I.  The  increase  above  the  basal 
value  of  16.2  calories  was,  therefore,  4.4  calories  or  27  per  cent 
per  hour.  For  the  whole  period,  the  increase  amounted  to  22.7 
calories.  It  may  here  be  recalled  that  50  grams  of  dextrose  given 
to  this  same  dog,  increased  the  metabolism  20  per  cent  in  the 
second  hour  after  its  ingestion,  but  it  caused  a  total  increase  of 
only  8.8  calories.  Portion  I,  consisting  of  50  grams  of  biscuit 
meal,  33  grams  of  meat  and  10  grams  of  fat,  has  a  more  powerful 
and  more  prolonged  influence  over  the  production  of  heat.  To 
what  can  this  be  attributed?  In  part  perhaps  to  the  more  pro- 
longed period  of  absorption  due  to  the  time  required  for  the  diges- 
tion of  starch.  This  is  illustrated  by  the  fact  that  the  respiratory 
quotient  indicates  that  carbohydrate  is  not  so  much  a  dominat- 
ing factor  in  the  metabolism  as  when  50  grams  of  dextrose  are 
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Experiment  SO. 
50  grams  of  biscuit  meal  at  noon. 


CALORIES 


TIME 

NiN  UBINE 

NON-PBOTBIN 
R.Q. 

Calculated 

Found 

1.00-2.00 
2.00-3.00 
3.00-4.00 
4.00-5.00 

0.182 
0.182 
0.182 
0.182 

1.00 

0.96 
0.98 
0.88 

18.75  ^ 
18.58 
19.31 
19.95 

18.54 
18.15 
18.69 
18.35 

Total 

76.59 
10  15 

73  73 

Per  hour 

It  is  evident,  itom  the  above,  that  the  50  grams  of  biscuit  meal 
induces  a  metabolism  of  about  19.15  calories  per  hour,  in  con- 
trast with  16.2  calories  without  food  and  20.6  calories  with  Por- 
tion I. 

The  urinary  analyses.  On  February  23,  50  grams  of  biscuit 
meal  were  given  at  noon  and  the  urine  was  collected  in  hourly 
p^ods  and  was  analyzed  with  the  following  results: 

Time.  Total  N. 

12.00-1.00 0.104 

1.00-2.00 0.149 

2.00-3.00 0. 160 

3.00-4.00 0.146 

4.00-5.00 0.154 

Total 0.713 

On  the  day  of  the  experiment,  however,  the  urine  between 
noon  and  5.05  p.m.  contained  0.930  gram  N  or  0.182  per  hoiu*. 
The  comparative  constancy  of  the  results  in  hoiu'ly  periods  be- 
tween one  and  five  o'clock  in  the  first  experiment,  led  to  the  appor- 
tionment of  the  nitrogen  of  the  calorimeter  period  equally  among 
the  several  hours  of  the  calorimeter  experiment. 


G.  50  grams  of  biscuit  meal  plies  10  grams  of  lard. 

The  results  obtained  after  giving  50  grams  of  biscuit  meal  plus 
10  grams  of  lard  are  given  below: 
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It  is  evident  that  the  addition  of  a  small  quantity  of  fat  has 
no  influence  on  the  heat  production,  whereas  as  small  an  amount 
of  meat  as  33  grams  very  considerably  increases  the  metabolism. 
The  increase  in  metabolism  caused  by  meat  ingestion  is,  however, 
in  no  way  accompanied  by  an  increased  protein  metabolism  as 
indicated  by  comparison  of  the  average  hourly  output  of  urinary 
nitrogen  during  the  calorimeter  periods.  It  has  already  been 
shown  in  the  last  paper,  that  100  grams  of  meat  (3  grams  $T) 
caused  the  production  of  20.2  calories  per  hour  in  this  dog,  so 
that  it  may  be  that  the  amino-acids  from  33  grams  (1  gram  N) 
of  meat,  together  with  those  contained  in  50  grams  of  biscuit 
meal  (1.1  grams  N),  may  be  largely  determinative  of  the  height 
of  metabolism  (20.6  calories)  when  Portion  I  is  given.  This 
would  be  true  if  the  cells  were  stimulated  to  increased  oxidation 
by  amino-acids.  In  presenting  this  idea,  it  is  not  forgotten  that 
Rubner's  interpretation,  as  regards  the  cause  of  the  rise  in  heat 
production,  also  explains  the  phenomenon. 

The  truth  of  the  matter,  however,  was  to  be  laid  bare  after  the 
completion  of  experiments  involving  the  ingestion  of  amino-acids 
with  Portion  I. 


/.  20  grams  of  glutamic  add  phis  Portion  I. 

As  was  to  be  expected  from  the  former  work,  glutamic  acid 
showed  no  power  to  increase  metabolism  when  it  was  given  with 
Portion  I.  The  results  of  an  experiment  illustrating  this  is  given 
here: 

Experiment  26. 
20  grams  of  glutamic  acid  plus  Portion  I  at  noon. 


CALORIES 

TIME 

N  IN  URIKB 

NON-PROTEIK 
R.Q. 

Calculated 
20.80 

Found 

1.00-2.00 

0.202 

1.03 

21.66 

2.00-3.00 

0.260 

0.96 

19.08 

19.76 

3.00-4.00 

0.278 

0.72 

18.69 

18.11 

4.00-5.00 

0.248 

0.90 

21.96 
80.53 

19.76 

Total/. 

79.29 

Per  hour 

20.13 
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J.  ^0  grams  of  alanine  plus  Portion  I. 

In  paper  five  it  was  shown  that  the  mgestion  of  20  grams  of 
alanine  with  liebig's  extract  of  meat  caused  a  rise  of  heat  pro- 
duction from  16.2  calories  to  19.2  calories  per  hour  extending 
through  the  fifth  hoiu*.  To  the  same  dog,  Portion  I  with  20 
grams  of  alanine  was  administered  with  the  following  results: 

Experiments  S4  and  S2, 
to  grams  of  alanine  +  Portion  I  at  noon. 


TIME 


1.00-2.00 
2.00-3.00 
3.00-1.00 
4.00-5.00 
5.00-6.00 


Total.... 
Per  hour, 


2; 

9S 


9* 


§ 
I 

a 

< 


z 

M 

H 

S 


0.212'  0.047i  0.96 
0.225|  0.169  0.86 
O.209I  0.242;  1.05 
0.197i  0.22a|  0.83 
0.187i  0.136  0.92 


CALORIES 


Protein' 


Amlno-i  Non- 
ocld    '  protein 


Total 


Cal-   ! 
culated 


Found 


12.03!  18.57  21.19 
11.29,  20.54  20.84 
9.I2I  19.34  21.68 
11.071  20.53'  21.08 
13.92  21.49  22.76 


57.431100.471107.55 

!  20.09I 


The  experiments  presented  here  should  be  compared  with  Ex- 
periments 25  and  27  when  Portion  I  was  given  without  the  addi- 
tion of  alanine  and  in  which  the  metabolism  was  21.4  and  20.6 
calories  per  hour.  There  is  no  increase  in  metabolism  due  to  the 
addition  of  20  grams  of  alanine  to  Portion  I,  In  paper  five,  it  was 
estimated  that  15.46  calories  were  liberated  from  alanine  metabo- 
lized in  four  hours  after  the  administration  of  20  grams  of  the 
substance  in  Liebig's  broth.  In  the  present  experiment,  the  esti- 
mated increase  is  15.7  calories  for  five  hours.  Although  alanine 
was  certainly  metabolized,  it  exerted  no  ^^  specific  dynamic"  influence 
when  given  with  the  mixed  diet  which  produced  a  total  metabolism  of 
20.6  calories  per  hour,  aUhough  administered  alone  it  raised  the  me- 
tabclism  from  (he  basal  value  of  16.2  to  19.2  calories  per  hour. 

The  urinary  analyses.  After  adding  20  grams  of  alanine  to 
Portion  I,  the  urinary  nitrogen  nearly  doubled  in  quantity  although 
no  such  effect  was  obtained  with  glutamic  acid.  The  results 
are  given  below: 
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The  figures  were  adopted  in  the  hourly  computations  in  Experi- 
ments 32  and  34.  The  objections  to  the  method  were  discussed 
in  paper  five. 

K.  20  grams  of  glycocoll  plies  Portion  L 

The  results  obtained  after  giving  25  grams  of  glycocoll  were 
shown  in  paper  five.  The  metabolism  rose  from  16.2  calories 
to  21.8  and  22.8  calories  per  hour  during  the  second  to  fifth 
hours  after  its  ingestion.  In  the  following  experiments,  20  grams 
of  glycocoll  were  given  with  Portion  I  with  the  following  results: 


Experiments  SB  and  87, 
SO  grams  of  glycocoll  plus  Portion  I  at  noon. 


TIMK 


1.0O-2.00 
2.00-3.00 
3.00-4.00 
4.00-5.00 


Total . . . . 
Per  hour. 


1.00-2.00 
2.00-3.00 
3.00-4.00 
4.00-5.00 


Total , . . . 
Per  hour 


p 


01     • 


0.199 
0.225 
0.209 
0.197 


0.199 
0.225 
0.209 
0.197 


0.091 
0.090 
0.130 
0.222 


0.091 
0.090 
0.130 
0.222 


0.95 
0.89 
0.86 
0.93 


0.91 
0.89 
1.06 
0.93 


CALORIES 


Protein 


5.41 

5.98 
5.49 
5.21 


Amino- 
acid 


0.90 
0.89 
1.28 
2.20 


22.09 


5.41 
5.98 
5.49 
5.21 


22.09 


5.27 


0.90 
0.89 
1.28 
2.20 


5.27 


Non- 
protein    Cal- 
culated 


Total 


15.67 


18.15 


16.441  23.31 


13.75'  21.16  20.44 


Found 


21.98  22.52 


21.80 


24.92  22.13 


64. Oil  91.37 
22.85 


86.89 
21.72 


16.86  23.17'  22.05 


17.23  24.10 
14.26'  21.03 


22.25 
22.59 


15.28'  22.69  21.99 


63.63j  90.99  88.88 
'  22.75!  22.22 


In  order  to  interpret  these  experiments,  comparisons  are  made 
below  between  the  results  obtained  with  (1)  Portion  I  alone, 
(2)  Portion  I  plus  20  grams  of  glycocoll  and  (3)  25  grams  of  glyco- 
coll alone  (see  paper  five). 
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the  cells  in  the  sense  of  Voit.  With  the  cessation  of  absorption 
and  the  return  of  the  blood  to  its  composition  before  food  was 
given,  the  metabolism  falls  to  the  basal  value  as  shown  in  paper 
three. 

The  increased  heat  production  after  giving  carbohydrate,  must 
be  accompanied  by  increased  movement  of  the  cell  particles  and 
cannot  be  due  to  extrarcellular  oxidations,  for  amino-acids  which 
act  as  stimuli  when  ingested,  do  not  increase  the  metabolism  under 
the  conditions  attendant  upon  the  absorption  of  a  mixed  diet. 
The  absorbed  amino-acids,  under  these  circimistances,  merely 
encounter  a  level  of  cellular  oxidatign,  which  they,  themselves, 
alone  would  induce,  but  to  which  they  cannot  further  contribute. 

The  urinary  analyses.  These  were  made  exactly  as  in  the  experi- 
ments with  glycocoU,  and  the  calculations  were  based  on  exactly 
the  same  principles.    The  results  were  as  follows: 


Urinary  analyses  after 

giving  Portion  I  plus  J 

20  grams  of  glycocoU. 

March  11 

TIMB 

TOTAL N 

• 

UB»A  4-  NHi 

N 

12.00-1.00 

0.233 

0.194 

1.00-2.00 

0.340 

0.268 

2.00-3.00 

0.324 

0.291 

3.00-4.00 

0.337 

0.312 

4.00-5.00 

0.434 

0.399 

5.00-^.00 

0.441    . 

0.418 

Total 

2.109 

1.882 

Per  cent 

89 

On  March  13,  Experiment  35,  and  on  March  16,  Experiment 
37,  when  the  dog  was  in  the  calorimeter,  the  urine  was  analyzed 
and  the  results  compared  with  those  obtained  on  March  11  are 
given  below. 


DATB 

TIMB 

TOTAL  N        ^«»^iJ-  NH, 

PEBCBNT 

March  13 
March  11 
March  16 
March  11 

12.00-5.09 
12.00-5.09 
12.00-5.08 
12.00-5.08 

1.895              1.860 
1.734              1.527 
1.859      1        1.727 
1.728              1.521 

98 

88 
93 
88 
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CALORIES 

BXP.  NO. 

DIET 

CALCULATED 
FEB  HOUB 

No  food 

16.2 

5 

100  g.  biscuit  meal, 

100  g.  meat,  20  g.  lard 

23.1 

UO 

100  g.  biscuit  meal, 

100  g.  meat,  20  g.  lard 

23.6 

4 

100  g.  biscuit  meal, 

33  g.  meat,  20  g.  lard 

22.8 

6 

100  g.  biscuit  meal, 

33  g.  meat,  20  g.  lard,  20  g. 

glutamic  acid 

22.7 

25 

50  g.  biscuit  meal, 

33  g.  meat,  10  g.  lard 

21.4 

27 

50  g.  biscuit  meal. 

33  g.  meat,  10  g.  lard 

20.6 

30 

50  g.  biscuit  meal 

19.1 

31 

50  g.  biscuit  meal. 

10  g.  lard 

19.1 

26 

50  g.  biscuit  meal. 

33  g.  meat,  10  g.  lard,  20  g. 

glutamic  acid 

20.1 

32  And  33 

50  g.  biscuit  meal. 

33  g.  meat,  10  g.  lard,  20  g. 

alanine 

20.1 

35  , 

50  g.  biscuit  meal. 

33  g.  meat,  10  g.  lard,  20  g. 

glycocoll 

22.8 

37 

50  g.  biscuit  meal, 

33  g.  meat,  10  g.  lard,  20  g. 

glycocoll 

22.7 

IV.   SUMMARY. 


1.  A  dog  ,was  given  daily  a  maintenance  or  standard  diet  dur- 
ing a  period  of  about  six  months.  When  the  diet  was  given  at 
six  p.m.,  the  basal  metabolism  on  the  following  day,  from  noon 
tiU  four  o'clock,  was  found  to  be  about  16.2  calories  per  hour. 
The  ingestion  of  the  standard  diet,  consisting  of  100  grams  of  bis- 
cuit meal,  100  grams  of  meat  and  20  grams  of  lard,  brought  about, 
during  the  first  four  hours,  an  average  hourly  heat  production 
of  23.3  calories,  an  increase  of  44  per  cent  above  the  basal  value. 
Reduction  in  the  quantity  of  meat  ingested  in  the  diet  from  100 
to  33  grams,  and  also  addition  of  20  grams  of  glutamic  acid  to  this 
modification  of  the  standard  diet,  had  no  pronounced  influence 
upon  the  heat  production. 

2.  Certain  portions  of  the  standard  diet  were  given  at  noon 
and  the  rest  at  six  in  the  afternoon.  When  this  was  done,  it  was 
found  that  50  grams  of  biscuit  meal  induced  a  metabolism  of 
19.1  calories  per  hour,  which  was  unchanged  by  the  addition  of 
10  grams  of  fat  to  the  diet.  However,  the  further  addition  of 
33  grams  of  meat  to  the  mixture  of  biscuit  meal  and  lard  caused 
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blood  stream  which  does  not  receive  food  from  the  intestinal  tract 
but  the  composition  of  which  is  regulated  by  the  organs  of  the 
body;  (2)  a  metabolism  due  to  plethora^  induced  by  an  increased 
quantity  of  carbohydrate  or  fat  metabolites  in  the  blood  on  ac- 
count of  absorption  from  the  intestine,  and  (3)  a  metabolism  due  to 
the  sHmtdus  of  amino-acids.  The  metabolism  of  plethora  and  the 
metabolism  of  amino-acid  stimulation  cannot  be  added  to  each 
other;  there  is  no  summation  of  efifect  when  both  influences  are 
brought  into  action  simultaneously.  In  other  words,  the  level 
of  cellular  oxidation  induced  by  plethora  is  not  further  height- 
ened by  the  stimulus  of  amino-acids,  unless  the  latter  alone 
would  accomplish  such  increase  in  activity. 

It  is  realized  by  the  writer  that  the  evidence  here  presented 
in  favor  of  this  conception  of  the  manner  of  metabolism  may  be 
largely  increased  by  further  investigation,  and  he  hopes  that  the 
future  may  hold  opportimity  for  such  work. 


ON  THE  CREATINE  METABOLISM  OF  THE  GROWING 

PIG.i 

By  E.  V.  McCOLLUM  and  H.  STEENBOCK. 

(From  the  Laboratory  of  Agricultural  Chemistry  of  the  University  of 

Wisconsin.) 

(Received  for  publication,  September  21,  1912.) 

In  a  series  of  recent  papers  Mendel  and  Rose*  have  shown  that 
in  fasting  rabbits  creatme  appears  in  the  urine  in  large  amounts 
but  disappears  when  the  animal  is  fed  a  liberal  supply  of  carbo- 
hydrate. They  have  also  shown  that,  in  dogS;  after  the  store  of 
glycogen  is  depleted  by  phlorhizin  administration,  creatine  appears 
in  the  urine  in  significant  amounts  and  when  the  glycogenic  func- 
tion is  disturbed  by  phosphorus  poisoning  creatine  appears  in 
large  amounts.  Feeding  protein  alone,  fat  alone  or  protein  and 
fat  did  not  prevent  the  excretion  of  creatine  in  these  animals. 
They  conclude  that  there  exists  an  intimate  relation  between  the 
creatine  metabolism  and  the  carbohydrate  metabolism  and  that 
protein  metabolism  of  the  exogenous  type  does  not  lead  to  the 
formation  of  creatine. 

Howe,  Mattill  and  Hawk'  state  that  in  a  dog  no  appreciable 
increase  in  the  creatine  content  of  the  urine  was  observed  during 
the  first  sixty  days  of  fasting. 

Rose*  has  observed  that  creatine  was  present  in  the  urine  of 
children  under  fifteen  years  of  age  in  twenty-five  out  of  twenty- 
seven  cases  examined,  but  not  in  urines  from  older  persons.  Indeed 
it  is  well  known  that  creatine  is  but  a  casual  constituent  of  the  urine 
of  normal  adult  mammals.    All  investigators  agree  that  creatine 

*  Published  with  the  permission  of  the  Director  of  the  Wisconsin  Experi- 
ment Station. 

*  Mendel  and  Rose:  this  Journal,  x,  pp.  213-264,  1911.    A  full  discussion 
of  the  literature  is  given  by  them. 

*  Howe,  Mattill  and  Hawk :  this  Journal,  xi,  p.  97^  1912. 
*Rose:  this  Journal,  x,  p.  265,  1911. 
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excretion  when  the  energy  metabolized  remains  constant.  Pigs 
were  employed  as  experimental  animals. 

At  the  outset  we  were  surprised  to  find  that  moderate  fasting 
does  not  lead  to  creatine  elimination  in  the  pig.  One  of  us  has 
noted'  that  after  a  few  days  on  a  diet  of  starch  and  salts  the  urine 
of  growing  pigs  becomes  creatine-free.  We  have  conducted  two 
experiments  in  which  pigs  were  fasted  for  fourteen  and  sixteen  days 
respectively  without  the  appearance  of  appreciable  amounts  of 
creatine  in  the  urine.  Table  I  gives  the  r^ults  of  one  of  these 
experiments.  In  the  other  case  only  the  urines  of  the  thirteenth 
to  sixteenth  days  were  examined  and  creatine  was  found  to  be 
absent. 

Of  the  different  species  of  animals  observed  the  rabbit  seems  to 
be  the  most  sensitive  to  fasting,  a  high  nitrogen  and  creatine  out- 
put appearing  in  two  or  three  days.  It  is  a  significant  fact  that 
Mendel  and  Rose*  obtained  the  largest  creatine  eUmination  with 
the  most  poorly  nourished  rabbit  during  starvation.  The  dog  is 
much  less  sensitive  and  from  our  observations  it  appears  that  the 
pig  is  still  less  so  than  the  dog.  The  fact  that  a  well-nouri3hed 
pig  can  fast  from  fourteen  to  sixteen  days  without  excreting 
appreciable  amounts  of  creatine,  sheds  considerable  light  on  the 
interpretation  which  should  be  put  upon  the  observations  on 
this  point  made  upon  other  species. 

The  most  plausible  explanation  of  these  results  would  seem  to 
be  the  assumption  of  different  degrees  of  ability  to  utilize  fat  as 
a  source  of  energy.  When  the  rabbit  fasts,  the  total  nitrogen 
rises  rapidly  indicating  an  increase  in  endogenous  nitrogen 
catabolism.^  This  does  not  happen  in  the  dog  except  possibly  in  a 
slight  degree  and  our  own  observations  on  fasting  pigs  have  shown 
that  the  total  nitrogen  in  the  urine  steadily  falls  to  a  very  low  level. 
On  teleological  groimds  one  might  reason  that,  since  the  pig  is  one 
of  the  most  eflScient  storers  of  fat,  he  might  be  expected  to  utilize 
it  readily  when  necessary  for  energy  production.  This  seems  to 
be  the  case.  The  elimination  of  much  creatine  by  the  rabbit  dur- 
ing fasting  is  imquestionably  the  result  of  increased  tissue  catab- 
olism  due  to  his  inability  to  draw  his  supply  of  energy  from  other 

^McCollum:  Amer,  Journ,  of  Physiol.,  xxix,  p.  210,  1911. 
*This  Journal,  x,  p.  222,  1911. 
'  Cf .  Mendel  and  Rose :  ibid. 
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One  of  the  most  interesting  points  brought  out  by  the  experi- 
ments of  Mendel  and  Rose  is  that  feeding  protein  (casein,  egg  albu- 
men) to  fasting  rabbits  does  not  decrease  the  excretion  of  creatine. 
Numerous  isolated  tests  for  creatine  in  the  urines  of  pigs  on  diets 
supplying  proteins  from  restricted  sources  indicate  that  in  young 
growing  pigs,  of  40  to  66  pounds  body-weight,  on  the  same  plane  of 
protein  and  energy  intake,  creatine  is  sometimes  present  in  large 
amounts  and  in  other  cases  absent  or  nearly  so.  We  were  led  by 
these  observations  to  examine  for  suitable  periods  the  urines  of 
several  pigs  on  a  number  of  different  diets  and  have  observed  that 
it  is  undoubtedly  true  that  a  high  protein  intake  from  certain 
sources  leads  to  the  elimination  of  creatine,  but  an  equally  high 
protein  intake  from  another  source  may  cause  the  excretion  of  but 
small  amounts  of  creatine.  Table  II  shows  the  record  of  a  pig 
taking  fifty-five  times  the  nitrogen  eliminated  daily  as  creatinine 
(approximately  ten  times  his  endogenous  requirement),  the  food 
nitrogen  being  derived  wholly  from  com  meal  (maize).  The  crea- 
tine output  was  very  small,  in  fact  only  a  casual  constituent  of  the 
urine. 

Table  III  shows  the  record  of  a  pig  taking  nitrogen  from  com 
meal,  equivalent  to  twenty-seven  and  one-half  times  his  creatinine 
nitrogen  output.  On  ten  out  of  sixteen  days  on  this  ration  there 
was  no  creatine  in  the  urine.  When  on  July  27  the  ration  was 
changed  to  starch,  linseed  meal  (nearly  oil-free)  and  gluten  meal,^* 
although  the  nitrogen  fed  was  somewhat  less  in  amount,  there 
was  at  once  a  marked  rise  in  the  creatine  content  of  the  urine. 
On  August  8,  the  nitrogen  intake  was  doubled,  but  during  the 
following  five  days  the  creatine  output  was  not  in  proportion  to 
the  increased  protein  intake.  This  may  be  due  to  the  great  reten- 
tion of  nitrogen  for  growth. 

Table  IV  ^hows  the  record  of  another  pig  on  the  same  diet, 
with  an  intake  of  fifty-five  times  his  creatinine  nitrogen  elimina- 
tion.   The  results  are  in  accord  with  those  in  table  III. 

Table  V  shows  the  record  of  a  pig  on  the  same  plane  of  protein 
intake  as  was  the  pig  in  table  II  (55  times  the  creatinine  nitrogen), 
the  ration  being  derived  from  equal  parts  of  wheat,  rolled  oats 

"  Gluten  meal  is  a  by-product  of  starch  manufacture  and  consists  princi- 
pally of  the  proteins  of  the  corn  endosperm. 
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TABLE  IV. 


Pig  25.    Fed  on  milk  from  June  11  to  July  12.    Weight,  75.5  pounds. 
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RATION  rSD 


200  grams  starch, 
49.2  grams  gluten 
meal,  71.8  grams 
oil  meal  (8.5  grams 
N). 


100  grams,    addi- 
tional starch. 


200    grams    addi- 
tional  starch. 


Ration  changed  to  80 
grams  starch,  143 
grams  oil  meal,  98 
grams  gluten  meal 
(16.7  grams  N). 


and  com  meal.    There  wa«  regularly  a  high  content  of  creatme  in 
the  urine. 

Ti^th  this  relatively  high  nitrogen  and  very  high  energy  intake 
creatine  was  constantly  present  in  the  urine  on  a  creatine-free  diet. 
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The  observations  of  Mendel  and  Rose  that  feeding  protein 
alone  to  fasting  rabbits  does  not  check  the  rate  of  creatine  elimi- 
nation also  appears  in  a  new  light.  We  would  explain  this  by- 
assuming  that,  while  the  protein  fed  relieved  the  animal  of  rapid 
tissue  destruction  and  creatine  production  (from  endogenous 
sources),  the  exogenous  protein  catabolism  set  up  simultaneously 
a  creatine  production  which  exceeded  the  animal's  power  to 
destroy,  so  creatine  kept  coming  in  the  urine.  This  theory  would 
necessitate  the  assumption,  which  our  work  with  pigs  leads  us  to 
believe  would  hold,  that  a  fortunate  selection  of  the  protein  fed 
would  cause  a  cessation  of  creatine  excretion  in  fasting  rabbits. 
It  is  interesting  to  speculate  as  to  the  group  in  the  protein  molecule 
which  is  responsible  for  the  formation  of  creatine.  The  only 
known  cleavage  product  which  suggests  itself  from  similarity  of 
constitution  is  arginine,  which  by  a  partial  oxidation  of  the  carbon 
chain  to  acetic  acid  and  a  methylation  of  a  nitrogen  atom  would 
lead  to  creatine  formation.  This  has  been  suggested  by  Jaff^*^ 
and  by  Knoop"  and  has  some  experimental  evidence  to  support 
it,  viz.,  the  methylation  of  guanidine  acetic  acid  in  the  organism.** 
From  the  hypothesis  of  Seemann*^  that  creatinine  is  not  formed 
from  arginine  itself  but  from  certain  arginine  peptides,  it  is  possi- 
ble that  creatine  may  result  from  arginine  only  when  the  latter 
exists  in  certain  combinations.  If  this  were  the  case  there  could 
be  no  relationship  between  the  arginine  content  of  the  proteins 
fed  and  the  creatine. production  since  only  a  part  of  the  arginine 
might  exist  in  complexes  which  could  yield  creatine  in  the  body. 

Our  knowledge  of  the  arginine  content  of  naturally  occurring 
food  products  is  too  meager  to  admit  of  conclusions  regarding  a 
possible  relationship  between  the  arginine  content  of  the  rations 
and  the  creatine  content  of  the  urines  in  our  own  experiments. 
Also  the  body  doubtless  destroys  some  creatine,  a  fact  which 
probably  accounts  for  the  marked  irregularities  observed  in  the 
content  of  creatine  in  the  urine  of  an  animal  on  a  uniform  diet. 

The  working  hypothesis  that  all  arginine  in  the  ration  may 
contribute  to  creatine  formation,  would  seem,  in  the  light  of  our 

^'  Jaff4:  Zeitschr.f.  physiol.  Chem.,  xlviii,  p.  430,  1906.  • 

"  Knoop:  Zeitschr.  f.  physiol.  Chem.y  Ixvii,  p.  495,  1910. 
"  Doraer:  Zeitschr.f,  physiol.  Chem.j  Hi,  p.  246,  1907. 
"Seemann:  Zeitschr.  f.  Biol.,  xlix,  p.  433,  1907. 


SYNTHESIS  OF  LECITfflN  IN  THE  HEN  AND  THE 
CHARACTER  OF  THE  LECITHINS  PRODUCED.^ 

By  E.  V.  McCOLLUM,  J.  G.  HALPIN  and  A.  H.  DRESCHER. 

(From  the  LaborcUory  of  Agricultural  Chemistry  of  the  University  of 

Wisconsin,) 

(Received  for  publication,  September  21,  1912.) 

One  of  the  earliest  proofs  of  the  possession  of  synthetic  power 
by  the  animal  was  the  demonstration  that  fat  can  originate  from 
carbohydrate  in  the  animal  body.^  We  now  have  indisputable 
evidence  that  the  animal  cell  is  capable  of  synthesizing  nuclein 
and  phosphatide  complexes  necessary  for  growth,*  and  also  that 
certain  amino-acids,  glycocoll  and  lysine  and  possibly  also  trjrpto- 
phane,  can  originate  in  the  animal  body  as  the  result  of  synthetic 
activity.*  Lusk  has  shown  that  carbohydrate  can  be  derived  from 
protein  or  from  certain  amino-acids.*  Up  to  the  time  of  the  experi- 
ments described  in  this  paper,  however,  no  very  great  production 
of  lecithins  and  other  phosphorus-containing  hpoids  had  been 
shown  to  result  from  the  synthetic  activity  of  the  animal  cell.^ 
Since  the  experiments  here  described  were  completed,  Finger- 
ling^  has  reported  results  which  fully  corroborate  our  own  and  which 
indicate  that  certain  complex  hpoids  of  the  lecithin  and  kephaHn 

>  Published  with  the  permission  of  the  Director  of  the  Wisconsin  Exper- 
iment Station. 

« See  Rosenfeld:  Ergeb,  d.  Physiol,  i,  p.  661,  1902. 
'McCoUum:  Amer.  Journ.  of  Physiol.,  xxv,  p.  120,  1909. 

*  Osborne  and  Mendel :  Carnegie  Institution  of  Washington,  Publication 
156,  pts.  1  and  2,  1911;  also  McCollum:  Amer.  Journ.  of  Physiol.,  xix,  p. 
215, 1911. 

^Lusk:  Zeitschr,f.  physiol.  Chem-,  Ixvi,  p.  106,  1910. 

•  A  brief  statement  of  a  part  of  the  results  reported  in  this  paper  was  pre- 
sented before  the  American  Society  of  Biological  Chemists  at  the  Baltimore 
meeting,  December,  1911.  See  Proceedings  of  the  Society  of  Biological 
Chemists,  this  Journal,  xi,  p.  xiii,  1912. 

^Fingerling:  Biochem.  Zeitschr.,  xxxviii,  p.  448,  1912. 
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The  yolks  from  the  fifty-seven  eggs  weighed,  as  separated  from 
the  whites,  883.6  grams,  an  average  yolk  production  of  294.5 
grams  per  hen.  The  average  white  production  per  hen  was  466.5 
grams.  As  the  eggs  were  collected  they  were  weighed,  broken  and 
the  whites  and  yolks  separated  and  separately  weighed.  *  The 
yolks  were  dropped  into  95  per  cent  alcohol  and  preserved  imtil 
the  end  of  the  experiment. 

A  mixed  sample  of  these  yolks  was  found,  by  the  method  of 
Koch  and  Woods,  •  to  contain  3  per  cent  of  lecithin  and  6.39  per 
cent  of  kephalin,  a  total  phosphatide  content  of  9.39  per  cent. 
Each  hen  deposited  in  the  egg-yolks  produced  by  her  27.65  grams 
of  phosphorized  fats.  It  is  fair  to  assume  that  the  bodies  of  the 
hens  contained  more  phosphatides  at  the  end  of  the  experiment 
than  at  the  beginning,  and  also  that  some  phosphatides  were 
present  in  the  whites.  The  fat  content  of  the  fresh  yolks  was  32.8 
per  cent. 

Since  the  average  daily  consumption  of  skim  milk  powder  was 
17.55  grams,  the  fat  content  of  which  was  0.105  gram,  the 
fat  intake  per  hen  during  the  feeding  period  of  one  hundred  and 
sixty-five  days  was  17.37  grams.  Being  ordinary  butter  fat  most 
of  it  was  not  suitable  for  direct  deposition  in  the  eggs.  It  is  evi-^ 
dent  therefore  that  the  synthesis  of  phosphatides  is  readily  accom- 
plished in  the  body  of  the  hen  when  the  ration  is  free  from  these 
substances. 

We  possess  but  little  evidence  as  to  whether  the  lecithins  of  the 
egg  yolk  are  of  a  specific  nature,  or  are  of  a  variable  character  and 
influenced  by  the  character  of  the  fats  or  lecithins  of  the  food. 
If  the  lecithins  of  the  yolk  are  transferred  without  change  to  the 
nervous  system  of  the  developing  chick  it  would  seem  highly  prob- 
able that  the  fatty  acid  radicals  of  the  lecithins  must  be  of  a  specific 
and  imvarying  character.  It  is  highly  improbable  that  the  com- 
position of  the  nervous  system  of  the  chick,  as  respects  the  phos- 
phatides, which  form  a  part  of  the  functioning  organized  matter, 
can  vary  through  the  substitution  of,  for  example,  oleyl-stearyl- 
iecithin,  which  might  be  abundant  in  the  food,  for  oleyl-palmityl- 
lecithin,  which  the  animal  might  synthesize  if  compelled  to  do  so 
by  lack  of  compounds  of  this  character  in  the  diet.     On  the  other 

•  Koch  and  Woods :  this  Journal,  i,  p.  203,  1905. 
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character  of  the  lecithins  is  strengthened  by  their  observation 
that  preparations  of  lecithins  from  dog  and  ox  brains  showed  nearly 
the  same  iodine  numbers  (9ft-100)  as  did  those  from  egg  lecithins. 
These  results  of  Henriques  and  Hansen  make  especially  interest- 
ing the  iodine  numbers  of  lecithins  produced  by  our  hens  where  a 
compliete  S3mthesis  of  all  the  organic  complexes  of  the  lecithins 
was  made  absolutely  certain.  The  following  table  gives  the  values 
for  the  fats  and  lecithins  of  the  eggs  produced  in  the  experiments 
here  d^cribed,  and,  for  comparison,  the  corresponding  values  for 
eggs  from  the  farm  flock  on  an  ordinary  ration. 


IODINE  NUMBER 


II  III 


Fats  I 

Nearly lipoid-f ree  ration . . |  50. 0  i         54 , 36  51.1 

Ordinary  ration 63.2  i  65.5 

Lecithins  , 

Nearly  lipoid-free  ration..'  35.22  34.07  34.0 

Ordinary  ration '  63.7  63.1 


The  method  of  obtaining  the  lecithins  was  as  follows: 

The  yolks  were  removed  from  the  alcohol  and  placed  in  an  evaporating 
dish,  covered  with  a  watch  glass  and  heated  on  a  steam  bath  for  a  short 
time  to  remove  most  of  the  alcohol.  Ether  was  then  added  repeatedly  in 
small  portions  and  the  evaporation  continued  until  the  alcohol  was  all 
removed.  By  this  process  the  yolks  were  protected  as  much  as  possible 
from  the  air.  The  yolks  were  then  dried  in  a  desiccator  over  sulphuric 
acid,  the  desiccator  being  evacuated  by  the  ether  method.  When  dry,  the 
sample  was  transferred  to  an  extraction  apparatus  and  thoroughly  extracted 
with  ether.  The  ether  was  evaporated,  the  last  part  being  removed  over 
sulphuric  acid  in  a  desiccator.  Great  care  was  taken  to  prevent  exposure 
of  the  fat  and  lecithin  preparations  to  the  air.  The  residue  from  the  ether 
extraction  was  extracted  with  seven  or  eight  portions  of  hot  alcohol  (95 
per  cent),  each  digestion  being  continued  about  fifteen  minutes.  The  com- 
bined alcohol  extracts  were  concentrated  on  a  steam  bath.  Toward  the 
end  of  the  evaporation  small  portions  of  ether  were  repeatedly  added  to  has- 
ten the  removal  of  the  alcohol  and  to  protect  the  lipoids  from  the  air.  The 
product  was  finally  dissolved  in  ether  and  precipitated  with  t6n  volumes 
of  acetone.  After  once  reprecipitating,  the  lecithins  were  dried  in  a  vacuum 
desiccator  over  sulphuric  acid.  The  alcohol  in  which  the  eggs  were  pre- 
served was  evaporated  in  the  manner  described  and  the  residue  treated  in 
the  same  way  as  the  yolks. 
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THE  URINE  OF  THE  FISH. 

By  W.  DENIS. 

(From  the  Biochemical  Laboratory  of  the  Harvard  Medical  School,  Boston,  and 
the  Laboratory  of  the  U,  S.  Bureau  of  Fisheries,  Woods  Hole,  Mass.) 

(Received  for  publication,  September  24, 1912.) 

Probably  on  account  of  the  diflSculties  attendant  on  their  collec- 
tion the  data  at  hand  regarding  the  composition  of  the  urine  of 
marine  animals  are  extremely  limited,  and  decidedly  fragmentary 
in  character;  in  fact  so  far  as  the  author  is  able  to  ascertain,  no 
analyses  showing  the  distribution  of  nitrogen  in  twenty-four-hour 
quantities  of  urine  in  even  the  larger  marine  animals,  such  as  the 
fish,  are  to  be  foimd  in  the  hterature. 

As,  by  means  of  the  micro-chemical  methods  for  the  analysis 
of  urine  recently  published  by  Folin  and  his  associates,  it  is  now 
possible  to  make  observations  on  the  distribution  of  nitrogen  in 
Iwenty-four-hour  samples  of  the  urine  of  relatively  small  animals, 
the  time  seemed  ripe  for  an  effort  to  investigate  the  metabolism 
of  lower  animals,  from  the  standpoint  of  urine  analysis,  more 
thoroughly  than  has  so  far  been  attempted. 

As  the  great  majority  of  fish  possess  no  bladder  but  allow  the 
urine  to  escape  as  soon  as  formed,  it  was  first  necessary  to  find  some 
method  by  which  this  fluid  could  be  collected  accurately  over 
twenty-four-hour  periods.  My  original  intention  was  to  study 
the  urine  of  both  the  eliasmobranchs  and  of  the  teleosts;  it  was 
found  impossible,  however,  in  the  period  during  which  the  work 
of  collection  was  carried  on  to  obtain  enough  specimens  of  any 
one  species  of  bony  fish  to  make  work  along  this  line  profitable; 
in  the  present  paper,  therefore,  the  data  presented  consist  largely 
of  observations  on  the  urine  of  one  of  the  elasmobranchs,  the  smooth 
dogfish  (Mustelis  cams),  which  is  extraordinarily  abundant  along 
the  north  Atlantic  coast.    Analytical  data  concerning  the  urine  of 
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median  line  of  the  dorsal  surface  about  1  to  6  inches  above  the 
cloaca  will  swr-e  to  expel  any  urine  present  in  the  ureters  and,  if 
this  procedure  be  employed  just  before  insertion  and  just  previous 
to  removal  of  the  cannula,  a  fairly  accurate  measure  of  the  amount 
of  urine  excreted  in  a  given  period  of  time  may  be  obtained. 

If  it  is  not  desired  to  keep  the  fish  bound  to  a  board  during  the 
collection  it  may  be  conveniently  placed  in  a  trough  so  narrow 
that  the  animal  is  undble  to  turn  around;  I  have  used  this  method 
in  a  few  cases  but  lack  of  conveniently  arranged  tanks  made  its 
exclusive  adoption  impossible. 

The  method  described  above  differs  fundamentally  from  the  pro- 
cedures used  by  Herter,^  by  Baglioni*  and  by  Burian*  for  the  col- 
lection of  fish  urine  in  the  fact  that  I  have  always  arranged  the 
cannula  so  that  the  urine  was  drained  away  as  soon  as  formed. 
The  quantity  of  urine  eliminated  in  twenty-four  hours  by  the  dog 
fish  is  surprisingly  small  considering  the  size  of  the  animal,  as  will 
be  shown  by  the  results  tabulated  below.  All  animals  used  were 
males. 


riSH  NO. 

LENOTB 

WEIGHT 

VOLUME  or  URINE 
COLLECTED  IN  TWBNTT- 
POUR  HOURS 

26 

cfn, 

94 

ffratM 

2268 

CC. 
16 

29 

76 

1134 

11 

30 

86 

1814 

27 

31 

71 

964 

17 

32 

92 

2041 

30 

35 

69 

964 

25 

36 

81 

1588 

22 

37 

81 

1360 

27 

The  dog  fish  survives  pithing  of  the  cord  remarkably  well  and  will 
usually  live  apparently  in  good  condition  for  several  days  after 
the  operation.  As  in  many  physiological  experiments  involving 
the  collection  of  urine  destruction  of  the  cord  is  to  be  desired,  I 
have  made  a  number  of  collections  of  twenty-four-hour  quantities 
of  urine  from  fish  in  which  the  cord  had  been  destroyed  up  to  about 
the  level  of  the  dorsal  fin. 

'  Herter:  Mitth,  aus  der  zooL  Stat,  zu  Neapelj  x,  p.  342, 1891. 
"  Buiian:  Zettschr.f.  biol.  Technik  u.  Method,  i,  p.  383,  1909. 
*  Baglioni:  Zentralbl.  /.  Physiol.,  xix,  p.  385,  1903. 
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by  the  uranium  acetate  titration  and  total  sulphur  by  the  author's* 
modification  of  the  Benedict  method.  The  animals  from  which 
urine  was  collected  had  in  every  case  been  caught  from  twenty- 
four  to  forty-eight  hours  before  the  experiment  was  started,  and 
during  this  time  were  kept  in  cages  immersed  in  the  ocean. 

Fish  SO. 

Male;  weight,  1814  grams;  fasting;  volume  of  urine  collected  in  twenty- 
four  hours,  27  cc;  specific  gravity,  1.032. 


laLUORAm  IN 

TWBNTT-FOOR 

RODB8 

MILUOBAIM 
PERCC. 

PSB  CBICT  OF  TOTAL 
NZTROGBN 

Total  nitrosen 

122.5 

108.4 
2.3 
0.31 
Present 

4.5 
4.0 
0.085 
0.011 

Urea  nitroeen 

89.0 

Ammonia  nitrogen 

Uric  acid  nitrogen 

Creatinine  nitrogen 

1.9 

0.25 

Fish  t9. 

Male;  weight,  1134  grams;  fasting;  volume  of  urine  collected  in  twenty- 
four  hours,  11  cc. 


Total  nitrogen 

Urea  nitrogen 

Ammonia  nitrogen 


miluorams  in 

TWRNTT-rOUR 
BOUR0 


MILUORAin 
PCRCC. 


58.3 
51.5 
1.32 


5.3 
4.7 

0.12 


PRR  OBNT  OP  TOTAL 
NITROOBN. 


88.6 

2.2 


FUh  SI, 

Male;  weight,  964  grams;  volume  of  urine  collected  in  twenty-four  hours, 
17  cc.  This  animal  was  ^allowed  to  feed  on  a  large  amount  of  fish  muscle 
about  six  hours  before  the  collection  of  urine  was  commenced. 


Total  nitrogen 

Urea  nitrogen 

Ammonia  nitrogen 


MILLIORAMS  IN 

TWBNTT-FOUR 

HOURS 


113.0 

93.4 
5.18 


MILUORAMS 
PERCC. 


6.6 
5.5 

0.30 


PBR  CBNT  OP  TOTAL 
NITROGEN 


I 


82.6 
4.5 


•  This  Journal,  vui,  p.  401,  1910. 
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Urine  of  the  Fish 


Fish  19. 

Male;  weight,  2948  grams;  fasting;  spinal  cord  pithed  from  tip  of  tail  to 
about  the  level  of  the  dorsal  fin;  volume  of  urine  collected  in  twenty-four 
hours,  44  cc. 


1       MILLIOBAM8IN        1          mtLUQRAMB 
\               HOURS                 1               PEKCC. 

PBR  C»NT  OF  TOTAL 
NTTROOEN 

Total  nitroKen 

104.7                   2.37 
88.2                    2.00 

Urea  nitrosen 

84.2 

Ammonia  nitrogen 

Creatinine  nitrogen 

Creatine  nitroKen 

3.3 
Present 
None 

0.56 

0.075 
0.012 

3.1 

Uric  acid  nitrosen 

0.5 

Fish  19a. 

Male;  weight,  2940  grams;  fasting;  spinal  cord  pithed;  volume  of  urine 
collected  in  twenty-four  hours,  27  cc. 


Total  nitrogen 

Urea  nitrogen 

Anmionia  nitrogen 
Uric  acid  nitrogen 
Creatinine 


MILUORAMS  IN 

TWENTT-FOUR 

HOURS 

62.00 

53.00 

3.78 

0.40 

Present 


MILLiaRAlfB 
PERCC. 


FEB  CBNT  OF  TOTAL 
NITBOGXK 


85.2 
6.1 
0.64 


Mixed  urines  of  fishes  20  and  21,  both  males ;  weight  of  fish  20, 1174  grams; 
volume  of  urine  for  twenty-four  hours,  17  cc;  weight  of  fish  21, 1813  grams; 
volimae  of  urine  for  twenty-four  hours,  17  cc;  both  fasting;  spinal  cord 
pithed  in  both. 


MILUGRAUS  PER  1000  CC. 

PER  CENT  OF  TOTAL 
NITBOOBN 

Total  nitroKen 

3200 

2600 

340 

Present 

None 

22 

« 

Urea  nitrosen 

81.0 

ATnmonia  nitroRen 

10.6 

Creatinine  nitroij^en 

Creatine  nitrosen 

Uric  acid  nitroisen 

0.68 

W.  Denis  231 

Analysis  of  a  composite  sample  of  urine  collected  from  ten  fasting  dog  fish. 

Specific  gravity,  1.030. 


Total  nitrogen 

Urea  nitrogen 1 

Ammonia  nitrogen ' 

Chlorides  (as  NaCl) [ 

Phosphates  (as  PjOi; I 

Total  sulphur  (as  SOj) j 

Total  sulphates  (as  SO,) ,  3 .  40 


QRAMS  PER  LITER 

PER  CENT  OF  TOTAL 
NITROOBX 

4.200 

3.390 

80.7 

0.310 

7.3 

12.86 

4.520 

7.08 

The  goose  fish  (Lophius  piscatorius)  proved  of  all  the  teleosts 
available  to  be  the  best  suited  for  the  study  of  the  urinary  secre- 
tion, as  this  animal  is  provided  with  a  bladder  of  large  capacity. 
However,  during  the  time  spent  at  Woods  Hole  only  one  specimen 
was  available  in  which  the  bladder  contained  urine.  In  this  case 
158  cc.  of  urine  were  removed  from  the  bladder  about  an  hour  after 
death  and  immediately  analyzed.  The  urine  of  the  goose  fish  is 
a  clear,  odorless,  almost  colorless  fluid,  which  after  long  standing 
(when  preserved  with  chloroform)  becomes  faintly  yellow.  The 
specific  gravity  was  found  to  be  1.013.  The  reaction  is  distinctly 
acid  to  litmus.  No  albumin  or  reducing  sugar  could  be  detected. 
As  in  the  uri^e  of  the  dog  fish  the  amount  of  phosphates  is  so  large 
that  when  the  urine  is  boiled  a  thick  flocculent  precipitate  is 
obtained  which  readily  dissolves  on  the  addition  of  a  drop  of  acetic 
acid.  On  makmg  alkaline  with  sodium  hydrate  a  large  amount  of 
precipitate  is  also  obtained  probably  due  to  the  presence  of  an 
excess  of  earthy  phosphate. 

Uric  acid  is  apparently  not  present  as  the  murexide  test  gave 
negative  results,  while  even  with  the  very  delicate  phosphotungstic 
acid  reagent^  (which  gives  unmistakable  results  with  1  part  of  uric 
acid  in  5(X),000  parts  of  water),  used  in  the  colorimetric  method 
for  the  quantitative  determination  of  the  substance,  no  indication 
of  its  presence  could  be  found.^® 

*  Folin  and  Denis:  this  Journal,  xii,  p.  237,  1912. 

*•  This  is  in  agreement  with  the  observations  of  Rywosch  on  the  urine  of 
the  carp:  Wien.  med,  Wochenschr.,  1893,  pp.  47,  48;  and  with  the  earlier  work 
of  Davy:  Trans,  Roy,  Soc.  Edinburgh^  xxi,  p.  543,  857. 
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and  the  Sheffield  Laboratory  of  Physiological  Chemistry  in  Yah  Uni- 
versity, New  Haven,  Connecticut,) 

(Received  for  publication,  September  26,  1912.) 

In  earlier  papers  on  our  feeding  experiments  with  isolated  food 
substances'  we  have  attempted  to  justify  the  selection  of  the  white 
rat  for  the  study  of  some  of  the  problems  connected  with  nutri- 
tion. This  animal  is  easily  reared  and  cared  for.  Its  small  size 
reduces  the  food  requirement  to  a  magnitude  which  falls  within 
the  range  of  experimental  possibility  where  the  preparation  of 
special  dietaries  by  laborious  processes  is  a  fundamental  prerequi- 
site. A  possible  advantage  in  the  use  of  smaller  animals  like  those 
which  we  have  selected  lies  in  the  fact  that  marked  changes 
in  nutritive  equilibriimi  speedily  manifest  themselves.  Further- 
more, the  longevity  of  this  animal  is,  according  to  Donaldson, 
about  three  years;  so  that  the  first  year  of  life  corresponds  to  a 
long  span  in  terms  of  human  years.  Not  insignificant  is  the  addi- 
tional fact  that  the  white  rat  has  in  recent  years  been  made  the 
subject  of  exceptionally  extensive  measurements  in  respect  to 
growth  and  various  features  of  development  at  the  Wistar  Insti- 
tute in  Philadelphia  and  elsewhere.  In  this  way  physical  standards, 
so  to  speak,  have  been  established  for  this  animal.  Inasmuch  as 
we  have  successfully  maintained  albino  rats  over  periods  of  more 

^The  expenses  of  this  investigation  were  shared  by  the  Connecticut 
Agricultural  Experiment  Station  and  the  Carnegie  Institution  of  Wash- 
ington, D.  C. 

*  Osborne  and  Mendel:  Feeding  Experiments  with  Isolated  Food  Sub- 
stances. Carnegie  Institution  of  Washington,  Publication  156,  Parts  I 
and  II,  1911;  Zeitschr,  f.  physiol,  Chem.,  Ixxx,  p.  307,  1912;  this  Journal, 
xii,  p.  473,  1912. 
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to  nourish  rats  adequately  on  a  diet  of  egg-white,  starch,  glucose, 
fat,  cellulose  and  salt  mixture.  Their  rats  declined  within  thirty 
days  on  this  diet  which  was  selected  to  be  compared  with  a  dietary 
in  which  completely  digested  proteins  formed  the  source  of  nitro- 
gen. The  authors  emphasize  the  fact  that  such  digestion  prod- 
ucts may  at  times  contain  objectionable  toxic  substances  (amines?). 
Their  insistence  on  the  use  of  "pure"  proteins,  however,  loses 
part  of  its  significance  in  the  light  of  the  fact  that  none  of  their 
artificial  feedings  were  reasonably  successful  even  with  supposedly 
favorable  selections  of  diet. 

In  explanation  of  the  failures  of  our  predecessors  various  sug- 
g^ions  have  been  offered.  The  failure  to  eat  sufficient  food  has 
clearly  been  a  frequent  obstacle,  as  has  been  emphasized  among 
others  by  McCollum.^  Aside  from  this,  however,  "much  of  the 
earlier  work  in  this  connection,"  as  Cathcart  remarks,  "was 
faulty  owing  either  to  the  manner  in  which  the  experiments  were 
earned  out,  or  to  the  fact  that  the  diets  could  not  be  regarded  as 
*pure,'  i.e.,  the  protein  used  was  not  absolutely  free  from  impuri- 
ties." He  adds:  "Notwithstanding  this  it  has  been  found  that  if 
the  animals  be  kept  for  a  prolonged  period  on  one  diet  they  invari- 
ably die  in  spite  of  an  abundant  caloric  intake.*  We  propose  to  con- 
sider this  criticism  carefully  in  the  experiments  to  be  reported  below. 

The  necessity  of  long  continued  experiments  calls  for  particular 
emphasis.  Physiological  alterations  dependent  upon  the  gradual 
depletion  of  a  small  store  of  essential  tissue  material  may  mani- 
fest themselves  with  extreme  slowness;  and  the  fact  that  a  satis- 
factory nutritive  balance  can  be  maintained  for  a  week  or  two  or 
even  a  month  in  some  cases  is  no  guarantee  of  either  the  ultimate 
success  of  the  dietary  or  of  the  impossibility  of  a  decline  owing  to 
the  mappropriate  exhibition  of  an  essential  ingredient  (cf .  Charts 
1, 2  and  3).  This  has  further  been  brought  out  most  strikingly  in 
the  splendid  study  of  Hart,  McCoUum;  Steenbock  and  Himiphrey 
on  the  physiological  effects  on  growth  and  reproduction  of  rations 
balanced  from  restricted  sources.^  They  have  shown  that  animals 
fed  rations  from  different  plant  sources  and  comparably  balanced 

^McCollum:  Amer.  Journ,  of  Physiol.,  xxv,  p.  120,  1909. 
*  Cathcart :  The  Physiology  of  Protein  Metabolism^  1912,  p.  74. 
•Hart,  McCollum,  Steenbock  and  Humphrey:  University  of  Wisconsin 
Agricultural  Experiment  Station,  Research  Bulletin  No.  17,  1911. 
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« 

Perhaps,  as  Waters  has  suggested,  the  term  maintenance  has  been 
used  somewhat  loosely  in  the  past;  but  like  others  we  have  been  in 
the  habit  of  regarding  the  animal  in  maintenance  when  its  live 
weight  was  constant.  "A  more  correct  definition  of  the  term 
would  perhaps  be  to  say  that  an  animal  was  in  maintenance  when 
its  body  was  in  energy  balance,  but  the  live  weight  has  been  the 
conventional  measiu*e  of  our  maintenance  values."^  In  the  pres- 
ent report  we  are  concerned  solely  with  the  maintenance  features. 

Under  selected  conditions  of  diet  an  animal  can  be  maintained 
adequately  without  growth  (cf.  Chart  4).  Furthermore  a  repara^ 
tion  of  tissue  is  not  necessarily  identical  with  growth  (cf.  the 
weight  gained  by  llat  134,  in  Chart  5,  days  72  to  120,  which  shows 
that  it  is  possible  to  restore  tissue  loss,  exemplified  in  decline  of 
body  weight,  by  the  use  of  dietaries  which  are  inadequate  for 
growth).  Recovery  from  the  decline  due  to  malnutrition,  for 
example,  may  thus  be  brought  about  by  gliadin  feeding.  The 
possible  dissimilarity  of  the  processes  of  maintenance,  growth, 
and  repair,  in  so  far  as  they  affect  the  r61e  of  proteins  in  nutrition, 
has  also  been  emphasized  by  McCollum.^'  The  distinctions  here 
made  are  illustrated  by  many  of  the  charts  in  the  appendix. 

It  is  perhaps  unnecessary  to  remark  that  there  may  be  involved 
in  the  problems  of  maintenance  and  growth  many  other  factors, 
viz.,  the  total  energy  intake,  the  character  of  the  inorganic  salts, 
the  specific  natiu'e  of  the  carbohydrates  in  the  diet,  quantitative 
ajd  qualitative  differences"  in  the  proteins  administered  as  w^H 
as  the  indefinable  so-called  "hormones.''  Indeed  some  writers 
at  the  present  time  believe  that  in  the  latter,  as  yet  unknown 
factors,  rests  the  secret  to  nutritive  success.  Thus  Cathcart  has 
lately  written,  "it  is  clear  that  apart  from  the  caloric  intake  and 
the  protein,  carbohydrate  and  fat  content  of  the  food,  there  is 
some  factor  or  factors  which  influences  the  utilization,  perhaps 

"  Waters :  The  Capacity  of  Animals  to  grow  under  Adverse  Conditions, 
Proceedings  Society  for  the  Promotion  of  Agricultural  Science,  xxix,  p.  3, 
1906. 

"  McCollum :  ilmer.  Journ,  of  Physiol,,  xxix,  p.  215, 1911. 

"  The  choice  of  a  protein  content  of  about  18  per  cent  in  our  food  mixtures 
has  been  detennined  by  nutrition  trials  with  varying  concentrations  of 
protein  in  the  diet.  These  will  be  described  elsewhere.  The  proportions 
here  selected  fall  within  the  range  of  our  most  successful  experiments,  when 
the  non-protein  factors  are  otherwise  the  same. 
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the  invariable  outcome  of  the  prolonged  feeding  on  a  given  diet 
that  we  are  justified  in  assxuning  that  the  diet  is  in  some  way  inade- 
quate, and  then  only  when  a  prompt  and  complete  recovery 
ensues  when  the  diet  is  changed  to  one  that  is  known  to  be  in  all 
respects  sufficient  (cf.  Chart  1,  period  3;  Chart  2,  period  4;  Chart  3, 
period  5;  and  Chart  6,  period  6).  Our  experience  shows  that  every 
animal  has  sooner  or  later  declined  when  fed  with  mixtures  of  iso- 
lated and  purified  proteins,  carbohydrates  and  fats  together  with 
morganic  matter  in  the  form  of  crystallized  salts.  In  nearly 
every  case  the  decline  has  been  sudden,  with  strong  evidence 
that  death  would  soon  have  ensued  had  not  the  food  been  changed. 
In  each  case  immediate,  recovery  has  followed  a  change  in  the  diet, 
thus  showing  the  experimental  foods  to  be  inadequate  for  pro- 
longed nutrition. 

Whether  the  deficiency  of  the  purely  artificial  diet  is  to  be 
attributed  to  improper  proportions  of  its  constituents,  to  improper 
combinations  of  these  constituents,  or  to  the  lack  of  some  essential 
element,  is  at  present  difficult  to  determine.  That  the  elements 
essential  for  prolonged  mainten^ce  are  present  in  milk  from  which 
the  fat  and  protein  have  been  removed  is  also  shown  in  the  charts 
akeady  referred  to.  In  every  case  the  substitution  of  a  food 
containing  its  inorganic  constituents  and  a  part  of  its  carbohydrate 
in  the  form  of  this  so-called  "protein-free  milk"  has  resulted  in 
immediate  recovery  of  the  depleted  animal,  and  thereafter  the 
animal  has  continued  in  a  well-nourished  state  until  its  life  ter- 
minated from  disease  or  old  age.  If  we  compare  the  body  weight 
curves  of  mature  animals  maintained  in  nutritive  equilibrium  on 
the  purely  artificial  diet  with  those  of  animals  fed  on  a  diet  known 
to  be  deficient  in  some  element  supposed  to  be  essential  for  main- 
tenance, we  find  a  marked  difference.  Thus  animals  kept  on  a 
diet  free  from  inorganic  salts  or  on  one  containing  as  its  sole  pro- 
tein either  zein  or  gelatin,  which  lack  tryptophane,  inunediately 
decline  and  continue  to  fall  in  weight  throughout  the  entire  time 
of  such  feeding;  whereas  in  the  experiments  with  the  purely 
artificial  mixtures  containing  adequate  proteins  and  inorganic 
salts  a  decline  in  weight  occiuia  only  after  some  time,  and  is  then, 
in  nearly  every  case,  sudden  and  severe.  That  no  serious  damage 
has  been  done  to  the  animal  is  shown  by  its  rapid  recovery  when 
protein-free  milk  is  added  to  the  food;  however,  that  it  has  suffered 
in  some  way  is  indicated  by  the  fact  that  when  restored  to  its 
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Another  important  difference,  which  has  usually  been  over- 
looked when  comparing  casein  with  other  proteins,  is  that  only 
about  0.1  per  cent  of  sulphur  can  be  obtained  as  sulphide  from 
casein,  whereas  from  edestin  0.35  and  from  gliadin  0.62  per  cent 
can  be  obtained,  thus  showing  that  casein  contains  very  little 
cystine. 

The  possibility  of  successful  maintenance  is  not  by  any  means 
restricted  to  the  particular  proteins  employed  in  these  experiments. 
It  happens,  however,  that  our  longest  records  involve  those  pro- 
teins which  earliest  elicited  our  experimental  interest,  and  which 
could  be  prepared  in  piu'e  form  most  advantageously. 

Special  importance  centers  in  the  remarkably  successful  main- 
tenance of  rats  upon  gliadin.  The  continuance  of  Rat  130,  for 
example  (see  Chart  11),  during  more  than  630  days  of  adult  life 
on  a  mixture  of  isolated  food  substances  containing  a  single  pro- 
tein deficient  in  two  familiar  Bausteine,  lysine  and  glycocoll,^* 
and  which  affords  an  inadequate  diet  for  satisfactory  growth, 
furnishes  by  far  the  longest  experiment  on  record  of  '*  artificial" 
nutrition  and  should  serve  to  justify  the  renewal  of  studies  with 
the  isolated  foodstuffs.  We  have  at  present  records  of  twelve 
rats  which  have  been  maintained  more  than  400  days  on  compar- 
able food  mixtures  and  five  animals  whose  maintenance  record 
exceeds  500  days.  These  prolonged  nutrition  trials  exceed  in 
duration  the  best  maintenance  records  which  we  have  thus  far 
obtained  in  oiu*  stock  colony  of  animals  fed  on  mixed  foods.  Bear- 
ing in  mind  that  these  diets  are,  in  addition  to  their  probable 
freedom  from  glycocoll  in  the  case  of  casein,  and  their  deficiency 
in  glycocoll  and  lysine  in  the  case  of  gUadin,  devoid  of  more  than 
the  merest  possible  traces  of  purines  and  of  phosphoproteins, 
except  in  the  case  of  casein,  the  synthetic  activities  of  the  organism 
are  again  clearly  brought  to  mind.  It  would  surely  be  an  extreme 
exaggeration  of  every  metabolic  probability  to  assume  that  in 
periods  extending  far  longer  than  a  year,  t.e.,  approximately 
one-half  of  an  animal's  span  of  life,  the  organism  had  conserved  its 
store  of  the  missing  chemical  complexes  or  altered  its  chemical 
make-up.  The  latter  assumption  indeed  is  completely  at  vari- 
ance both  with  the  available  evidence  regarding  the  chemical 

"  Regarding  the  possible  presence  of  lysine  and  glycocoll  in  gliadin,  see 
Osborne  and  Mendel:  This  Journal,  xii,  p.  480,  1912. 
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upon  the  results  of  supplying  these  in  adequate  proportions  as  a 
primary  requisite.^  Now  and  then  there  has  arisen  a  protest 
against  the  general  view  that  the  similarity  of  the  molecule  of  the 
food  protein  to  that  of  the  specific  body  proteins  determines  its 
relative  food  value  to  the  animal,  and  that  any  one  of  the  essential 
cleavage  products  which  is  present  in  smallest  amount  in  the  food 
protein  determines  the  value  of  the  entire  molecule  to  the  animal. 
McCollimi,^  for  example,  has  presented  experimental  data  which 
do  not  harmonize  entirely  with  the  most  widely  accepted  theories 
concerning  the  chemistry  of  protein  metabolism  and  which  he  inter- 
prets to  indicate  that  the  processes  of  cellular  catabolism  and  repair 
do  not  involve  the  construction  and  resynthesis  of  the  entire  pro- 
tein molecule.  Abderhalden  has  lately  summarized  his  view  of 
the  situation  in  these  words: 

Hier  mussen  wir  allerdings  eine  zurzeit  noch  grosse  Lticke  in  unseren 
Kenntnissen  besonders  hervorheben.  Wir  wissen  noch  sehr  wenig  uber 
die  Fahigkeiten  der  tierischen  Zellen  Aminosduren  zu  bilden.  Nur  fiir 
Glykokoll  ist  bewiesen,  class  es  aufgebaut  werden  kann.  Ferner  wissen 
wir  von  Tryptophan,  dass  es  offenbar  von  den  K5rperzellen  nicht  gehildet 
wird.     Ebenso  scheinen  die  aromatischen  Bausteine  nicht  ersetzbar  zu 

sein Es  muss  somit  der  M6glichkeit  gerechnet  werden,  dass 

die  Zelle  imstande  ist,  manchen  Baustein  zu  ergansen  und  damit  das  zu 
Gebote  stehende  Aminosauregemisch  besser  verwertbar  zu  machen.  Durch 
die  Hervorhebung  dieser  Liicken  in  unseren  Kenntnissen  liber  den  inter- 
medi&ren  Zellstoffwechsel  wird  das  Hypothetische  in  unseren  Vorstel- 
lungen  iiber  den  Ablauf  des  Eiweissstoffwechsels  im  tierischen  Organismus 
mit  Abaicht  besonders  betont.** 

The  experimental  records  presented  in  the  preceding  pages 
suggest  that  we  have  in  the  past  greatly  underestimated  the  possi- 
bility of  a  transmutation  or  synthesis  of  amino-acids  in  the  organ- 
ism, and  that  these  chemical  processes  may  play  a  more  signifi- 
cant part  in  nutrition  than  has  been  credited  to  them  hitherto. 
The  realization  of  the  possibility  of  a  transmutation  of  amino-acids 
has  an  obvious  bearing  upon  the  question  of  the  quantity  of  pro- 
tein in  the  diet;  for  the  arguments  in  favor  of  a  liberal  protein 

"Cf.  Mendel:  Ergeh.  d.  Physiol,,  xi,  p.  418,  1911;  Cathcart:  The  Physi- 
ology of  Protein  MeMolism,  1912. 

*'McCollum:  Amer.  Journ.  of  Physiol.,  xxix,  p.  215,  1911. 

"Abderhalden:  Synthese  der  Zellbausteine  in  P flame  und  Tier,  Berlin, 
1912. 
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Da  wir  hier  erst  am  Anfange  unserer  Kenntnisse  auf  einem  ganz  neuen 
Gebiete  des  intennediaren  Stoffwechsels  iind  der  synthetischen  Leistungs- 
fahigkeit  des  tierischen  Organismus  stehen,  haben  zun&chst  naturlich  alle 
Deutungsversuche  nur  sehr  untergeordnete  Bedeutung  und  kdnnen  nur  als 
Arbeitsbypothesen  dienlich  sein. 

Further  evidence  of  the  physiological  efficiency  of  animals  main- 
tained on  single  proteins  is  brought  out  by  the  fact  that  the  capac- 
ity of  reproduction  has  not  been  impaired  in  these  animals  and 
no  obvious  physical  defects  or  unusual  behavior  were  discernible. 

The  long  records  from  the  continued  use  of  unchanged  rations 
afford  further  confirmation  of  what  we  have  earlier  pointed  out, 
namely,  that  monotony  of  diet  is  not  necessarily  a  troublesoQie 
factor  and  is  not  of  such  importance  in  nutrition  problems  as  is 
usually  supposed.^® 

To  what  extent  alimentary  bacteria  may  intervene  to  furnish 
adequate  building  stones  to  the  organism  by  utilizing  the  products 
of  digestion  found  in  the  alimentary  tract  as  their  own  nutritive 
pabulum  and  reconverting  it  by  means  of  their  eminent  synthetic 
capacity  into  products  suitable  for  the  higher  organisms  cannot  be 
definitely  stated.  It  is  not  impossible  that  in  the  case  of  such 
substances  as  ammonium  salts  they  may  render  some  effective 
service  by  converting  the  nitrogen  into  other  assimilable  forms. 
We  do  not  at  present  regard  these  bacterial  possibilities  as  an 
adequate  explanation  of  the  nutritive  success  recorded;  otherwise 
there  is  no  apparent  reason  why  a  protein  defective  for  growth 
should  not  be  rendered  efficient  through  this  means.  The  con- 
tributions of  the  microorganisms  to  nutrient  efficiency  need  further 
investigation  and  the  possibiUties  have  lately  been  clearly  sum- 
marized by  Armsby.^* 

We  believe  that  experiments  such  as  those  reported  in  this 
paper  show  the  possibility  of  approaching  certain  of  the  problems 
of  nutrition  by  new  and  hitherto  discredited  methods  of  study. 
The  exceptionally  long  periods  of  feeding  and  observation  involved 
in  our  successful  trials  are  in  striking  contrast  with  most  of  the 
previously  published  records.    If  we  had  been  content  to  discon- 

"Cf.  Hart,  McCollum,  Steenbock  and  Humphrey:  University  of  Wis- 
consin, Agricultural  Experiment  Station,  Research  Bulletin  No.  17,  1911. 

"Armsby:  The  Nutritive  Value  of  the  Non-protein  of  Feeding  Stuffs, 
Bureau  of  Animal  Industry,  Bulletin  139,  1911. 
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APPENDIX. 

Explanation  of  the  Charts. 

The  abscissae  of  the  curves  represent  da3rs  and  the  ordinates,  actual 
Ixxly  ^v^eight  (solid  line)  or  food-intake  (dotted  line)  in  grams.  In  some 
of  the  charts  the  average  (normal)  curve  of  growth,  plotted  from  body 
weight  data  available  for  normally  growing  animals  of  the  same  sex,  is 
represented  by  a  broken  line  for  comparison,  'the  food  intake  curve  is 
plotted  from  the  quantities  of  food  eaten  per  week.  The  numbers  on  the 
body  weight  curves  indicate  the  time  at  which  changes  in  the  character 
of  the  feeding  were  instituted. 
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During  period  2  about  1  gram  of  air-dry  feces  from  rats  on  a  mixed 
61,  Carnegie  Institution  of  Washington.  *  The  animal's  life  was  ter- 
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which  rats  nonnally  grow  very  little  more. 
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sole  protein.    The  animal's  life  was  terminated  by  diseased  lungs  after  538 
feces  from  rats  on  a  mixed  diet  was  supplied.    See  legend  on  Chart  1. 
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D.  Note  that  this  rat  has  had  natural  protein-free  milk  for  only  14  days  out  of  the  entire 
t  obtained)  and  also  that  at  the  end  of  this  period  the  animal  is  somewhat  above  its 
i  legend  on  Chart  1.    This  rat  is  still  at  its  original  weight  after  637  days. . 


percent. 

...    18  0 

...    20.5 

...    24.5 

.    28.0 


PSRIOO  5. 

per  cent 

Edestin  (hempoeed) 18.0 

Natural  prot«lQ-free  milk 28.0 

Starch 26.0 

Lard .• 28.0 


100.0 


100.0 


T.  B.  Osborne  and  L.  B.  Mendel 


269 


-= 

\, 

1 

* " 

X 

--'' 

4 

■■'\ 

" 

H 

\, 

^— •■         ■ '  — 1 

^ 

v.- 

-■\- 

• 

'^ 

.....*.._ 1 

Gliod'i 

♦  ProU 

1*1- 

fr«e 

m»  ik^ 

...«" 

•• 

*fc 

>        ^0         340  3M  Oao  400  420  4^0  460  480  500  5t0         S^Q 


!  the  sole  protein.    The  animars  life  was  terminated  after  546  days  of  experi- 
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■II  quantities  of  feces  from  normally  fed  rats.    See  legend  for  Chart  1. 
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Chart  14,  Rat  142  9 ,  shows  maintenance  on  a  diet  containing 
gliadin  as  its  sole  protein.  During  periods  2  and  3  the  rat  received 
small  quantities  of  feces  from  normally  fed  rats.  For  a  discussion  of 
the  efifect  of  the  sterilized  and  normal  feces  see  Publication  156,  p.  62, 
Carnegie  Institution  of  Washington.  The  animal  died  suddenly 
after  219  days  of  experimental  feeding,  but  unfortunately  no  autopsy 
was  made. 

The  diet  was  as  follows. 
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Chart  17,  Rat  698  9,  shows 
rapid  decline  on  a  diet  contaiiiing 
gelatin  as  its  sole  protein,  and  re- 
covery when  one-half  of  the  gela- 
tin was  replaced  by  gliadin,  a  pro- 
tein incapable  of  inducing  more 
than  very  slight  growth  when  it 
forms  the  sole  protein  constituent 
of  the  dietary.  The  animal's  life 
was  terminated  by  diseased  kid- 
neys after  120  days  of  experimen- 
tal feeding. 

The  diet  during  the  different 
ioo  periods  is  shown  below: 
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Chart  18,  Rat  659  9 ,  shows  rapid  de- 
cline on  a  diet  containing  zein  as  its  sole 
protein,  followed  by  recovery  when  the 
zein  was  entirely  or  partially  replaced  by 
gliadin  or  casein. 

The  diet  during  the  different  periods 
is  shown  below. 
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Starch 29.0 

Lard 25.0 


100.0 


100.0 
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Chabt  20,  Rat  475  cf ,  shows  rapid  decline  on  a  diet  containing  zein  as  its  only 
protein,  followed  by  recovery  when  one-half  of  the  zein  was  replaced  by  casein. 
Note  that  the  decline  in  period  3  when  only  one-sixth  of  the  zein  was  replaced  by 
eaaein  was  immediately  checked  when  3  per  cent  of  the  zein  was  replaced  by 
tryptophane. 

This  experiment  is  still  in  progress. 

The  diet  during  the  different  periods  is  shown  below: 


pBBioo  1. 


PEBIOD  2. 


PERIOD  3. 


PERIOD  4. 


granu.  per  cent.  per  cent.  per  cent. 

Zatn  (nuUse) 18.0  Zein  food   (as  in  Zein  food   (as  In  Zein  food  (as  be- 

Pft»teln-free  milk     28.0        period  1) 50.0        period  1) 83.33       low) 83.33 

Starch 24.0     Casein  food 50.0  Casein  food  (as  Casein  food   (as 

Lard 30.0                                    in  period  2) . . . .    16.67  In  period  2)....     16.67 


100.0 


100.0 
Water 15  cc. 


100.00 


100.00 


Casein  food. 


Zein  food. 


grams. 
Casein  (cow's 

milk) 18.0 

Protein-free  milk    28.0 

Starch 27.0 

Lard 27.0 


100.0 


grama, 

Zeln(malse) 17.46 

Tryptophane 0.64 

Protein-free  milk    28.00 

Starch 24.00 

Lard 30.00 


Water. 


100.00 
15  cc. 


ON  THE  KYRINE  FRACTION  OBTAINED  ON  PARTIAL 

HYDROLYSIS  OF  PROTEINS. 

FIRST  COMMUNICATION. 

By  P.  A.  LEVENE  and  F.  J.  BIRCHARD. 
(From  the  Rockefeller  Institute  for  Medical  Research,  New  York.) 

(Received  for  publication,  October  3,  1912.) 

Few  facts  of  general  character  regarding  the  structure  of  the 
protem  molecule  have  been  added  since  the  work  of  Fischer.  The 
one  very  important  contribution  was  that  of  Siegfried,  based  on 
his  discovery  of  kyrines.  The  significance  attributed  to  kjrrines 
consisted  in  the  h3rpothesis  that  they  constituted  fragments  of 
the  protein  molecule,  resembling  natural  protamines,  and  hence 
their  discovery  substantiated  the  theory  of  Kossel  that  protamines 
represent  the  nucleus  to  which  other  amino-acids  join  on  in  order 
that  a  complex  molecule  of  protein  may  be  formed.  Whether 
or  not  Signed  has  proven  KosseFs  hjrpothesis  is  a  problem  still 
awaiting  solution,  but  this  investigator  undoubtedly  has  indi- 
cated a  process  by  which  can  be  accomplished  a  partial  hydrolysis 
of  protein,  leading  to  the  formation  of  comparatively  simple 
peptides.  A  priori,  it  seemed  logical  to  expect  that  if  more  than 
one-basic  peptides  were  formed  in  the  process  of  hydrol3rsis  they 
would  all  appear  in  the  general  fraction  named  by  Siegfried  "ky- 
rine  sulphate.'*  Hence  it  seemed  desirable  to  investigate  more 
closely  the  composition  of  the  k3rrine  fraction  obtained  on  par- 
tial hydrolysis  of  protein  with  the  view  of  a  possible  discovery  in 
it  of  more  than 'one  peptide. 

The  expectation  was  realized  inasmuch  as  the  crude  kyrine 
fraction  obtained  from  gelatin  was  fractionated  into  two  peptides. 
This  conclusion  has  forced  itself  on  us  first  as  a  result  of  the  com- 
parison of  the  ratio  -= — r^r^  before  and  after  hydrolysis  of  the 

Total  N 

kyrine  mixture.    The  arguments  can  be  made  more  obvious  by 
discussing  the  details  of  the  analytical  data. 
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phate  and  barium  hydrate.  One  of  these,  arginine  glutaminic 
acid  peptide,  was  about  95  per  cent  pure.  The  degree  of  purity 
was  demonstrated  by  the  ultimate  analysis  of  its  sulphate,  by  the 
ratio  of  amino  nitrogen  before  and  after  hydrolysis,  by  the  quanti- 
tative estimation  of  arginine  contained  in  it  and  by  the  fact  that 
both  arginine  and  glutaminic  acid  were  obtained  from  it  on  hydro- 
lysis. The  second  peptide  has  not  yet  been  obtained  in  the  same 
decree  of  purity.  The  nitrogen  partition  of  the  pure  peptide 
requires  a  ratio  of  40  per  cent  of  amino  nitrogen;  instead  of  which, 
the  substance  contained  only  about  37  per  cent.  It  is  hoped 
that  this  peptide  will  also  be  obtained  in  a  sufficient  degree  of 
purity  before  very  long.  Work  on  the  separation  of  the  basic 
pq)tides  from  other  proteins  is  at  present  in  progress. 

The  substance  discussed  here,  with  the  -= — r-irr  ratio  of  32 

Total  N 

per  cent  was  not  exactly  the  kyrine  sulphate  of  Siegfried,  but  was 

chosen  for  the  reason  that  it  oflfered  a  more  convenient  material 

for  presenting  oiu*  arguments.    The  kyrine  prepared  according 

to  Siegfried  by  repeating  the  precipitation  with  alcohol  five  times 

had  the  ratio  —  ,  .  -,^    =  23.6  per  cent.    By  means  of  one  treat- 
Total  N  ^  ^       ■ 

ment  with  silver  sulphate  and  barium  hydrate  it  was  separated 

into  two  fractions,  one  of  which  consisted  principally  of  the  dipep- 

A  ■wvx'  TVT 

tide,  the  other  being  a  mixture  having  the  ratio   ^  ,  ,  ^.'  =  32 

Total  N 

per  cent.  Hence  it  is  evident  that  the  substance  obtained  by  us 
according  to  the  directions  of  Siegfried  contained  a  higher  pro- 
portion of  the  dipeptide  than  the  mixture  discussed  in  this  com- 
munication. 

However,  it  should  be  born  in  mind  that  only  slight  changes  in 
the  conditions  of  hydrolysis  may  bring  about  considerable  varia- 
tions in  the  composition  of  the  products  obtained  through  it, 
and  hence  it  is  possible  that  the  substance  analyzed  by  Siegfried 
had  a  composition  different  from  that  of  the  substance  obtained 
by  us. 
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hydrate  as  in  Kossel's  method  for  the  separation  of  arginine  from 
the  hydrolytic  mixture.  The  kyrine  sulphate  was  dissolved  in 
a  few  cubic  centimeters  of  water  and  a  hot  solution  of  silver  sul- 
phate added,  care  being  taken  to  constantly  cool  the  resulting 
liquid  by  surrounding  it  with  ice.  The  addition  of  silver  sul- 
phate was  continued  until  a  drop  of  the  mixture  added  to  a 
solution  of  barimn  hydrate  on  a  watch  glass  produced  a  brown 
coloration.  After  cooling,  iSnely  powdered  barium  hydrate  was. 
slowly  added  to  complete  saturation,  the  liquid  being  constantly 
stirred  mechanically.  The  precipitate  was  iSltered  off  with  the 
aid  of  suction,  the  whole  being  kept  in  a  refrigerator  at  approxi- 
mately 0**.  The  precipitate  and  the  filtrate  were  then  slightly 
acidified  with  sulphuric  acid  and  decomposed  with  hydrogen  sul- 
phide. The  resulting  solutions  were  finally  freed  from  sulphuric 
acid,  concentrated  to  a  small  volume  under  diminished  pressure, 
the  sulphates  formed  by  the  addition  of  sulphuric  acid  and  each 
precipitated  in  a  large  excess  of  absolute  alcohol.  After  stand- 
ing for  some  time  in  the  refrigerator  at  0^  the  peptides  were  fil- 
tered off  with  the  aid  of  suction,  washed  with  absolute  alcohol  and 
ether  and  dried  in  a  desiccator  over  sulphuric  acid. 

Nitrogen  partition  in  the  "purified  kyrine"  before  hydrolysis. 

0.75  gram  substance  was  hydrolyzed  with  20  per  cent  hydro- 
chloric acid  for  twenty  hours.  The  excess  of  hydrochloric  acid 
was  then  distilled  off  under  diminished  pressure,  the  residue  taken 
up  in  water,  exactly  neutralized  with  sodium  hydrate  and  finally 
brought  to  a  volmne  of  50  cc.  In  a  duplicate  experiment  1.4 
grams  of  substance  were  treated  in  the  same  manner. 

(1)  Total  N:  10  cc.  solution  required  15.8  cc.  ^  acid. 

N  =  22.12  mgm. 
Amino  N:  10  cc.  solution  gave  12.8  cc.  gas,  19**,  760  mm. 

N  =  7.28  mgm. 

Amino  N 

-= r-rr 32.9  per  cent. 

Total  N  ^ 

(2)  Total  N:  10  cc.  solution  required  38.7  cc.  -^  acid. 

N  =  54.21  mgm. 
Amino  N:  10  cc.  solution  gave  31.5  cc.  gas,  25**,  758  mm. 

N  =  17.46  mgm. 

Amino  N 

-= — TTT 32.2  per  cent. 

Total  N  ^ 
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Total  N:  10  cc.  solution  gave  9.19  cc.  tJt  acid.    N  =  38.59  mgm. 

in  toto. 
Amino  N:  10  cc.  solution  gave  12  cc.  gas,  20°,  760  mm.    N  =  20.62 

mgm.  in  toto. 

Amino  N  .  ^^ , 

-= — r-rr 53.1  per  cent. 

Total  N  ^ 

The  filtrate  was  concentrated  to  a  volume  of  50  cc. 

Total  N:  35  cc.  solution  required  15  cc.  jir  acid.    N  «  30.0  mgm. 

in  toto. 
Amino  N:  10  cc.  solution  gave  7.9  cc.  gas,  19°,  760  mm.    N  =  22.53 

mgm.  in  toto. 

Amino  N  „^  ^ 

-— — — • » 75.1  per  cent. 

Total  N 

* 

Hydrolysis  of  the  kyrine  fraction  aiming  to  isolate  the  individual 

components. 

About  45  grams  of  the  sulphate  were  hydrolyzed  with  a  20  per 
cent  solution  of  hydrochloric  acid  for  twenty-four  hours.  The 
solution  was  then  treated  with  phosphotungstic  acid  in  the  man- 
ner before  described,  the  precipitate  was  washed  chlorine-free 
with  5  per  cent  sulphuric  acid,  and  the  phosphotungstic  and  sul- 
phuric acids  were  removed  quantitatively  with  barium  hydrate. 
The  resulting  liquid  was  concentrated  to  a  small  volume  and  to 
a  portion  an  alcoholic  solution  of  picrolonic  acid  was  added  and 
allowed  to  stand  over  night.  The  precipitate  so  obtained  was 
recrystallized  out  of  water  and  analyzed. 

Substance,  0.1600  gram;  COj,  0.2541;  H,0,  0.0706. 

Calculated  for  tj»^.,„j. 

aHi4N«0,  .  CioHiNiO.:      ^o^^^- 

C :.  43.82  43.23 

H , 5.05  4.90 

Lysine  was  isolated  from  the  phosphotungstic  acid  precipitate 
according  to  Kossel's  method  and  obtained  as  the  picrate.  It 
was  identified  by  determining  the  amino  nitrogen. 

Substance,  0.0930  gram;  gas,  12.8  cc,  20°,  764  nmi. 

Calculated  for  i?^..„j. 

CHiiNtOj  .  C«Hj(NOa)«OH:  i^ound. 

AminoN 7.48  7.86 
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0.2154  gram  substance  gave  0.2146  gram  COi;  0.0910  gram  HsO. 

Calculated  for      Calculated  for  tp^„^a. 

(C»H4N0jJ«Cu:    (CiH«NOi)sCu:  *^ound. 

C 25.00  30.00  27.28 

H 4.16  5.00  4.60 

The  results  of  the  hydrolysis  show  that  axginine,  lysine  and 
glutaminic  acid  are  certainly  present  and  probably  also  proline. 
GlycocoU  may  also  be  present  and  perhaps  alanine. 

Preparation  of  the  dipeptide. 

The  precipitate  obtained  on  treatment  of  the  solution  of  the 
original  kyrine  with  silver  sulphate  and  barium  hydrate  contained 
the  dipeptide.  It  was  freed  from  silver  and  barium  in  the  manner 
described  earUer  m  the  paper  and  transformed  into  the  sulphate 
in  the  same  manner  as  the  original  kyrine.    The  dipeptide  nature 

of  the  substance  was  based  on  the>^  ,  ,  ^-  ratio  before  and  after 

Total  N 

hydrolysis,  on  the  fact  that  on  hydrolysis  it  yielded  arginine  and 
glutaminic  acid  and  on  its  elementary  composition.  A  dipep- 
tide composed  of  arginine  and  glutaminic  acid  should  contain 
only  one  free  primary  amino  group  out  of  five  nitrogen  atoms  in 

the  molecule,  or  the  _  ,  .  v^  is  calculated  at  20  per  cent-    The 

Total  N 

values  found  on  analysis  of  the  substance  only  slightly  exceeded 

that  value. 

The  ratio  of  the  nitrogen  in  the  form  of  amino-acids  to  the 
basic  nitrogen  is  calculated  also  at  20  per  cent,  and  the  analyzed 
body  showed  the  value  of  the  nitrogen  of  amino-acids  to  repre- 
sent 21.1  per  cent  of  the  total  nitrogen. 

Furthermore,  on  hydrolysis  of  the  dipeptide,  free  arginine  and 
free  glutaminic  acid  are  formed,  hence  the  mixture  of  the  two 
contains  twice  the  number  of  amino  groups  as  compared  with 
the  original  number.  The  value  found  on  hydrolysis  of  the  ana- 
lyzed body  only  slightly  exceeded  the  theoretical  value. 

Finally  the  arginine  determination  made  directly  on  the  peptide 
gave  results  deviating  only  slightly  from  the  value  theoretically 
calculated. 
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After  hydrolysis, 

(1)  Nitrogen  partition  in  phosphotungatic  acid  precipitate  and  filtrate. 
Total  volume  of  the  solution,  50  cc.    5  cc.  solution  required  21.78  cc. 

tSt  acid.    Total  N  =  304.92  mgm. 

Total  N in  filtrate  from  phosphotungstic  acid  precipitate:  Total  volume 

of  solution,  100  cc.    25  cc.  solution  required  11-.55  cc.  tf  acid.    N  =  16.17 

mgm.    Total  N  =  64.68  mgm. 

The  ratio  of  the  nitrogen  in  the  phosphotungstic  acid  iSltrate 
to  the  total  nitrogen  =  21.1  or  the  ratio  of  the  nitrogen  in  the 
phosphotungstic  acid  precipitate  to  the  total  nitrogen  =  78.9 
per  cent. 

Allowing  for  the  correction  of  the  solubihty  of  arginine  phospho- 
tungstate,  one  finds  the  nitrogen  value  of  the  phosphotungstic 
precipitate  to  constitute  79.7  per  cent  of  the  total  nitrogen. 

(2)  The  ratio  of  amino  nitrogen  to  total  nitrogen.  This  determination 
was  made  on  a  second  portion  hydrolyzed  as  previously  described. 

Total  N:    10  cc.  solution  required  21.90  cc.  -nr  acid.    N  «  30.66  mgm. 
Amino  N :  10  cc.  solution  gave  24  cc.  gas,  20®,  760  mm.    N  =  13.68  mgm. 
Amino  N 
m^ilT 44.4  per  cent. 

Hydrolysis  of  the  dipeptide. 

100  cc.  of  an  aqueous  solution  of  the  dipeptide  containing  1.22 
grams  pf  nitrogen  were  concentrated  to  20  cc.  and  2  grams  of  sul- 
phuric acid  added.  This  was  hydrolyzed  by  heating  for  five 
hours  in  a  sealed  tube.  Water  was  added  so  that  the  solution 
finaDy  contained  5  per  cent  sulphuric  acid  and  then  was  precipi- 
tated with  phosphotungstic  acid.  After  standing  for  two  days  in 
the  refrigerator,  the  precipitate  was  filtered  off  in  the  cold  and 
washed  with  5  per  cent  sulphuric  acid.  The  phosphotungstic  acid 
was  removed  from  the  filtrate  by  shaking  out  with  ether,  the  ether 
distilled  off,  and  the  sulphuric  acid  removed  quantitatively  with 
barium,  hydrate.  The  resulting  solution  was  concentrated  under 
dhninished  pressure  to  a  small  volume  and  alcohol  added,  when  a 
portion  crystallized  out.  This  crystallized  portion  was  dissolved 
in  water  and  converted  into  the  picrolonate  and  analyzed. 
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Substance,  0.0998  gram;  COt,  0.1604  gram;  HjO,  0.0338  gram. 

Calculated  for  ir^..«^. 

CiH,NO«  .  CwHiNiOi:       'o"~*' 

C 43.75  4.38 

H 4.16  3.80 

The  mother  liquors  were  also  converted  into  the  picrolonate. 
These  analyzed  for  a  mixture  of  an  inorganic  picrolonate  and 
impure  glutaminic  acid. 

Ash-free  substance,  0.1038  gram;  CO,,  0.1702  gram;  HjO.  0.0274  gram; 
Ash,  0.0022  gram. 

C 44. 70  per  cent. 

H 2.95  per  cent. 

Ash 2.20  per  cent. 

The  phosphotungstic  acid  precipitate  was  suspended  in  water, 
decomposed  with  barium  hydrate  and  the  acid  removed  quanti- 
tatively. The  resulting  solution  was  concentrated  under  dimin- 
ished pressure  and  picrolonic  acid  added.  The  resulting  crystals 
were  filtered  ofif,  washed,  dried  and  analyzed. 

Substance,  0.1196  gram;  COi,  0.1804  gram;  H,0,  0.0420  gram. 

Calculated  for  v^„^a. 

CiHuN40f(CioHtN«0»jt:       fou'^d. 

C 44.40  45.05 

H 4.27  4.30 

Arginine  content  of  the  dipeptide. 

The  arginine  was  determined  directly  on  the  peptide  \frithout 
preceding  hydrolysis.  10  cc.  of  an  aqueous  solution  of  the  sub- 
stance were  boiled  in  a  Kjeldahl  flask  with  20  cc.  water  and  15 
grams  of  potassium  hydrate  in  the  manner  described  by  Van  Slyke* 
for  arginine  determination.  At  the  end  of  ten  hours  water  was 
added  to  the  flask  and  the  distillation  continued  for  another  hour. 
Of  the  original  aqueous  solution  of  the  dipeptide  10  cc.  were  used 
for  the  arginine  determination  and  5  cc.  for  the  total  nitrogen. 

Total  N:    5  cc.  solution  required  35  cc.  ti^  acid.    N  »  49  m^. 
Arginine  N:  10  cc.  solution  boiled  with  20  cc.  water  and  15  grams 

KOH  neutralized  26.75  cc.  -^  acid  =  37.45  mgm. 

N.    Total  arginine  N  =  74.90  mgm. 

Calculated:  Found: 

Total  Arginine  X 80  0  76.5  per  cent. 

•This  Journal,  x,  p.  26,  1911. 
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Amino  nitrogen  content  in  the  mother  liquor  from  the  dipeptide. 

On  the  basis  of  the  assumption  made  in  the  present  communi- 
cation, the  filtrate  from  the  silver  and  barium  precipitate  should 
contain  a  peptide  composed  of  all  the  other  amino-acids  recognized 
among  the  cleavage  products  of  the  original  kyrine,  except  arginine 
and  glutaminic  acid.  The  polypeptide  formed  in  this  manner 
should  contain  two  amino  groups  and  three  non-amino  nitrogen 

atoms  in  the  molecule  or  -= — r-^rr-  ratio  =  40  per  cent.    We 

Total  N 

have  not  yet  succeeded  in  obtaining  a  solution  of  the  pure  tetra- 
peptide;  however,  after  five  repeated  treatments  with  silver  sul- 
phate and  barium  hydrate  the  -^ — r^r^  ratio  of  the  solution  rose 

Total  N 

from  23  i>er  cent  to  36  per  cent,  thus  indicating  that  with  more 
patience  and  with  more  material  one  might  obtain  the  pure  tetra- 
peptide. 

Total  N:  5  cc.  solution  required  16.5  cc.  tt  acid.    N  «  23.10  mgm. 
Amino  N:  10  cc.  solution  gave  29.0  cc.  gas,  21^  772  mm. 

N  >  8.34  mgm. 
Amino  N 
T^iiTN 36.1  per  cent. 


A  CONTRIBDTION  TO  OUR  KNOWLEDGE  OF  THE  GAS 

METABOLISM  OF  BACTERIA. 

FIBST  PAPBB. 

THB  GASEOUS  PRODUCTS  OP  FERMENTATIONS  OP  DEXTROSE 
BY  B.  COLI,  BY  B.  TYPHOSUS  AND  BY  BACT.  WELCHH. 

By  FREDERICK  G.  KEYES  and  LOUIS  J.  GILLESPIE. 
{From  t?ie  Biological  Laboratory  of  Brown  University,) 

(Received  for  publication,  October  9, 1912.) 

Earlier  investigations, 

B.  coll.  The  literature  on  the  gases  produced  by  B.  coli  on 
various  culture  media  has  already  been  reviewed  by  one  of  us.^ 
It  was  found  that  very  little  work  had  been  attempted  on  this 
subject  by  mvestigators  familiar  with  the  properties  of  gases. 

Harden^  found  that,  when  B.  coli  was  grown  anaerobically  on  a 
non-albuminous  dextrose  medium  based  on  asparagine,  the  as- 
paragine  was  reduced  to  ammonium  succinate  with  a  consequent 
lessened  evolution  of  hydrogen.  He  therefore  made  use  of  media 
made  of  beef  broth  and  of  Witte's  peptone  and  concluded,  from  a 
study  of  the  solid,  liquid  and  gaseous  products,  that  on  these 
media  dextrose  was  decomposed  with  the  formation  (if  not  evo- 
lution) of  equal  volumes  of  hydrogen  and  of  carbon  dioxide. 
His  gas  analyses  showed  for  the  most  part  more  hydrogen  than 
carbon  dioxide. 

One  of  us*  determined  for  several  strains  of  B.  coli  the  quantities 
and  the  composition  of  gas  obtained  in  various  incubation  periods 

^Keyes:  Journ.  of  Med.  i?c«.,  xxi  (N.  S.  xvi),  p.  69,  1909.  In  this  com- 
munication the  composition  of  the  culture  medium  was  unfortunately  given 
incorrectly.  The  medium  always  contained,  in  addition  to  the  constit- 
uents noted,  1  per  cent  of  Merck's  "Highest  Purity*'  dextrose. 

*  Harden:  Trans.  Jenner.  Inst.,  1899,  ii,  p.  126;  Journ.  Ckem.  Soc. 
(Transactions),  Ixxix,  p.  610,  1901. 

•  Keyes:  Journ.  of  Med.  Res.,  xxi  (N.  S.  xvi),  p.  69,  1909. 
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of  1  per  cent  dextrose,  0.2  per  cent  disodium  phosphate  and  1.5 
per  cent  agar,  with  either  1  per  cent  asparagine  for  experiments 
on  asparagine  media  or  1  per  cent  anmionium  lactate  for  experi- 
ments on  lactate  media,  and  was  made  neutral  to  litmus  with 
sodium  hydrate.  Test  cultivations  of  B.  coli  or  of  B,  typhosus 
were  started  from  a  loopful  of  culture  taken  from  the  surface  of  a 
twenty-four-hour  growth  on  slant  agar.  Bad.  welchii  fermenta- 
tions were  started  from  stab  cultures.  Subcultures  from  the  test 
cultivations  were  never  used  for  further  tests.  The  organisms 
answered  the  usual  identification  tests. 

Culture  fluids.  The  culture  fluids  were  sterilized  in  the  absence 
of  air  in  fermentation  bulbs  (to  be  described)  in  streaming  steam 
by  the  intermittent  method.  The  reaction  after  boiling  was 
slightly  acid  to  litmus,  except  in  certain  experiments  (noted  in  the 
protocols)  in  which  the  reaction  was  made  just  neutral  to  phenol- 
phthalein  by  the  addition  of  normal  sodium  hydrate.  When 
alkali  was  added,  the  amount  of  carbon  dioxide  thus  introduced 
was  calculated  from  a  determination  of  the  actual  volimie  of 
carbon  dioxide  liberated  from  a  sample  of  the  sodium  hydrate 
solution  upon  acidification  in  vacuo  with  sulphuric  acid.  Since 
the  medium  was  subsequently  exposed  only  momentarily  to  the 
atmosphere,  the  correction  applied  (a  small  one)  was  exact. 

Oxygen.  Oxygen  was  prepared  by  heating  potassium  perman- 
ganate in  vacuo  and  was  purified  by  passing  over  phosphorus  pen- 
toxide  and  over  sodiiun  hydrate  (not  that  purified  by  alcohol).  It 
was  measured  dry,  the  pressure  being  read  on  a  barometer  colunm. 
Generator,  burette  and  barometer  were  permanently  incorporated 
in  the  pump  system  (fig.  2)  by  fused  glass  joints.  The  generator 
was  exhausted  by  the  merciu'y  pump  and  then  rinsed  out  twice 
with  small  quantities  of  oxygen  before  the  gas  was  generated  for 
use  in  the  work. 

Control  of  gaseous  environment  and  collection  and  analysis  of  the 
gases.  Fermentations  were  conducted  either  in  vacuo^  or  in  the 
presence  of  gases  admitted  in  known  quantities  after  a  vacuum 
had  first  been  obtained. 

The  fennentation  bulbs  (fig.  1)  fitted  with  stopcocks  of  a  special  form 
described  by  one  of  us,^'  were  about  half  or  three-quarters  filled  with  cul- 


•That  is,  in  an  atmosphere  of  water  vapor  only. 
"Keyes:  Science  (N.S.),  xxviii,  p.  17,  1908. 
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Fig.  1.    Frrmbntation  bulb 

fittko  witb  vacttoh 

stopcoceb. 

B,  bottle,  secured  by  cotton 

plug,  serving  to  keep  sterile  the 

capillary  lead.      Capacity    of 

bulb,  about  300  cc. 


Fio.  2.  Thk  pump  srsTBM. 
B,  oxygen  measuring  burette;  D, 
delivery  tube — it  connects  with  gas 
analyais  apparatus  at  C;  M,  manometer 
column,  provided  with  meter  stick;  t,  t, 
air  traps;  V,  valve  tight  to  ascending 
mercury.  Fermentation  bulb  couoects 
at  F.  Mercury  reservoirs  connect  by 
heavy  rubber  tubing  at  fl,  fl.fl. 

After  incubatioD  at  about  37°C.,  the  gases  in  the  bulb  were 
recovered  by  the  mercury  pump  and  analyzed.  In  every  instance, 
the  whole  obtainable  quantity  was  pumped  out  and  the  whole 
quantity  was  used  for  the  analysis  or  else  a  measured  portion  after 
the  gases  were  well  mixed.  The  gas  absorptions  were  conducted 
according  to  the  method  of  Hempel.  The  burettes  were  filled  with 
mercury.  Carbon  dioxide  was  absorbed  by  strong  caustic  soda  solu- 
tion (after  the  total  volume  had  been  measured  dry);  oxygen,  by 
phosphorus  or  when  necessary  by  alkaline  pyrogallol;  and  hydrogen 
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was  determined  by  exploding  with  a  quantity  of  air  sufficient  to 
avoid  the  burning  of  nitrogen.  Other  gases  were  absent.  Some- 
times the  Hempel  pipettes  were  used  for  the  reagents;  but  when 
small  amounts  of  gas  were  to  be  analyzed,  they  were  generally 
measured  under  diminished  pressure,  and  treated  with  absorbing 
reagents  in  tubes  inverted  over  mercury,  as  in  the  method  given 
by  Travers.^*  Sometimes  the  diminution  of  pressure  was  read  on 
an  open  manometer;  and  sometimes  the  actual  pressure  was 
read  on  a  barometer  (the  space  of  which  was  saturated  with  water 
vapor)  sealed  to  the  burette.  The  work  was  done  in  a  cellar  where 
the  temperature  was  sufficiently  constant.  All  gas  volumes  have 
been  calculated  for  0*^C.,  760  mm.  and  dryness.  The  medium  was 
always  strongly  acid  after  incubation  so  that  no  carbon  dioxide 
was  retained  chemically. 

Experiments  with  B.  Coli. 

Experiment  I.  B.  coli  was  grown  in  vacuo' (or  48.2  hours  on  250  cc.  of  a 
medium  containing  1.00  per  cent  each  of  Witte's  peptone  and  Merck's 
"Highest  Purity"  dextrose  in  distilled  water,  prepared  hot  and  filtered. 

Total  gas 137.0  cc. 

CO2 56. 1  per  cent. 

Ht 43.0  per  cent. 

CO2  per  gram  of  dextrose 30.7  cc. 

Ratio,  COa-.H, 1.31 

The  ratio  1.28  was  found  by  one  of  us"  for  beef  infusion  broth  containing 
1  per  cent  each  of  dextrose  and  Witte's  peptone. 

It  seemed  better  to  work  with  a  medium  containing  no  sub- 
stances of  unknown  composition.  One  such,  described  by  Dolt,^* 
has  the  advantage  that  no  amino  group  is  present  so  that  retention 
of  hydrogen  by  the  type  of  reaction  found  by  Harden  for  aspara- 
gine  is  excluded.  It  consisted  of  1.00  per  cent  anmioniiun  lactate, 
1.00  per  cent  dextrose  and  0.200  per  cent  disodium  phosphate  in 
distilled  water,  prepared  without  heating.  In  table  I  are  given 
some  experiments  upon  this  medium,  arranged  according  to  the 
length  of  incubation. 

The  influence  of  phosphate,  of  nitrate  and  of  increased  dextrose 
percentage  is  shown  in  table  II.    The  medium  contained  1.00  per 

"Travers:  Study  of  Gases,  1901,  p.  28. 

"  Keyes:  Journ,  of  Med,  Res.,  xxi  (N.  S.  xvi),  p.  69,  1909. 

!•  Dolt:  Journ.  Inf.  Dis.,  v,  p.  616,  1908. 
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TABLET. 
B.  coll  in  vacuo. 


■x».  xo. 


2 
3 
4 
5 


TOLUmOF 
MBOIUll 

INOUBA- 
TXON  AT 

S7« 

TOTAL 
OA8 

OOi 

Ht 

CJOi 

PBB  OBAU 
DEXTBOSK 

ce. 

100 

25 

100 

100 

Aourt 

23.3 
40.0 
44.3 
58.2 

ce. 

27.60 

7.21 
28.40 
28.60 

per  cent 

51.1 
49.5 
51.3 
51.1 

per  cent 

48.1 
48.1 
47.0 

cc. 

14.10 

14.30 
14.55 
14.60 

COt 

H9 


1.03 
1.06 
1.09 


cent  of  ammonium  lactate  and  various  quantities  of  dextrose, 
sodium  phosphate  and  anmionlum  nitrate,  as  noted.  In  experi- 
ments 7,  8  and  9  Merck's  "Highest  Purity"  dextrose  was  used; 
in  experiment  6,  the  same  recrystallized  from  alcohol;  in  experi- 
ment 10,  a  nitrate-free  dextrose  (Merck's  "Pure")  recrystallized. 

The  effect  of  an  increase  of  phosphate  is  to  increase  the  total  gas 
formation,  probably  by  delaying  acid  inhibition,  and  to  increase 
the  formation  of  carbon  dioxide  more  than  hydrogen. 

The  effect  of  nitrate  is  to  decrease  slightly  the  carbon  dioxide 
formation  and  to  use  up  most  (or  all)  of  the  hydrogen  that  would 
otherwise  be  produced.  The  latter  effect  has  been  noted  by  Pakes 
and  Jollyman.^^  Merck's  "Highest  Purity"  dextrose  was  found 
by  the  phenolsulphonic  acid  method  to  contain  0.04  per  cent  of 
sodium  nitrate,  which  could  be  reduced  to  Q.Ol  per  cent  by  recrystal- 
lization.  Assuming  proportionality,  the  result  of  experiment  9 
would  indicate  that  the  amount  of  nitrate  present  in  1  gram  of 
the  "Highest  Purity"  dextrose  could  use  up  0.012  cc.  of  hydrogen, 
a  quantity  which' is  negligible  for  B.  coli  fermentations  but  which 
would  be  of  great  significance  in  B.  typhosus  fermentations.  The 
ammonium  lactate  and  sodium  phosphate  were  found  free  from 
nitrates  by  the  same  (controlled)  test. 

In  another  part  of  our  work,  to  be  communicated  in  a  second 
paper,  we  have  studied  somewhat  fully  the  effect  of  oxygen  upon 
B.  coli  fermentations  of  dextrose  in  an  asparagine  medium.  The 
following  figures  show  the  results  for  an  aerobic  fermentation  by 
B.  coli  of  a  medium  composed  of  1.00  per  cent  "Highest  Purity'* 


^' Pakes  and  Jollyman:  Journ.  Chem.  Soc.  (Transactions),  Ixxix,  p.  386, 
1901. 
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dextrose,  1.00  per  cent  ammonium  lactate  and  0.100  per  cent  di- 
sodium  phosphate: 

Experiment  11.    B.  Coli. 

Oxygen  admitted 4.59  cc. 

Incubation  at  37** 108 .      hours. 

Total  gas 10.56  cc. 

CO, 5.18  cc. 

0, 2.58  cc. 

H, 0.96  cc. 

COj  per  gram  of  dextrose 10.36  cc. 

Ratio,  CGjiH, 5.4 

Oxygen  retained 2.01  cc. 

Experiments  3,  4,  5  and  10  show  that  it  is  possible  to  find  con- 
ditions such  that  nearly  equal  volmnes  of  CO2  and  H2  are  obtained 
but  that  the  CO2  is  always  in  slight  excess.  Evidently  the  pres- 
ence of  oxygen,  of  nitrates  or  of  sodium  phosphate,  since  all  these 
substances  tend  to  increase  the  ratio  of  carbon  dioxide  to  hydrogen, 
prevents  the  realization  of  the  value  unity  for  this  ratio.  Dolt" 
found  that  B,  coli  required  either  phosphates  or  nitrates  for  its 
growth.  We  have  found  that  in  the  absence  of  nitrates  anaerobic 
growth  vanishes  if  the  phosphate  content  is  sensibly  reduced  below 
the  lowest  concentration  used  in  the  experiments  given  above,  so 
that  it  appears  that,  in  spite  of  a  systematic  error  due  to  the  greater 
solubility  of  carbon  dioxide  in  the  culture  liquid,  it  is  not  possible 
to  collect  equal  volumes  of  carbon  dioxide  and  hydrogen.  This 
means  that  if,  as  Harden  concluded,  the  decomposition  of  dextrose 
by  the  action  of  B.  coli  results  in  the  formation  of  an  equal  number 
of  molecules  of  carbon  dioxide  and  hydrogen,  according  to  the 
"classical"  fermentation  of  Duclaux,^'  there  occiu-s  also  a  process 
which  either  uses  up  hydrogen  or  produces  carbon  dioxide  and 
which  is  therefore  oxidational.  This  process  seems  to  be  neces- 
sary for  growth. 

Experiments  with  B.  typhosus. 

A  few  experiments  were  made  with  two  strains  of  the  typhoid 
bacillus.  Neither  strain  could  be  grown  on  Uschinski's  solution, 
on  Fraenkel's  modification  or  on  various  other  simple  media. 

"  Dolt:  Joum.  Inf.  Dis.,  v,  p.  616, 1908. 

"  Duclaux:  TraiU  de  microhiologief  iv,  p.  49,  1901. 
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sive  gas  was  calculated  as  hydrogen,  and  the  closeness  with  which 
the  sums  of  the  analytical  percentages  thus  found  approach  100 
per  cent  indicates  that  the  explosive  gas  was  hydrogen.  On  so 
small  a  quantity  of  gas  as  that  remaining  for  the  hydrogen  deter- 
mination the  non-production  of  carbon  dioxide  upon  explosion 
could  not  be  certainly  proved. 

Since  the  presence  of  dextrose  is  of  great  importance  for  growth 
of  bacteria  in  the  absence  of  oxygen,  it  is  not  possible  to  show  by 
the  omission  of  dextrose  what  is  probably  the  truth:  that  the  gases 
obtained  came  from  the  dextrose.  Nevertheless  a  significant 
amount  of  fermentable  sugar  could  not  have  been  present  in  the 
peptone,  since  it  was  found  that  JB.  coli  produced  anaerobically  on 
a  1  per  cent  solution  of  Witte's  peptone  in  forty-eight  hours  at 
37®C.  only  0.095  cc.  of  CO2  (38  per  cent  of  the  total  gas)  per  gram 
of  peptone,  and  B,  typhosus  produced  under  the  same  conditions 
less  than  0.02  cc.  of  CO2  per  gram  of  peptone. 

These  results  show  that  carbon  dioxide  and  hydrogen  are  evolved 
by  the  action  of  JS.  typhosus  on  dextrose,  but  that  the  amounts 
produced  are  very  much  less  than  those  procluced  by  B,  coli,  and 
the  ratio  of  carbon  dioxide  to  hydrogen  is  many  times  higher  in 
the  case  of  B,  typhostis.  Upon  the  nitrate-free  dextrose  (experi- 
ment 5)  considerably  more  hydrogen  is  produced.  The  increase 
per  gram  of  dextrose  is  about  0.027  cc,  whereas  the  voliune  of 
hydrogen  which  the  amount  of  nitrate  in  question  can  use  up  in  a 
B.  coli  fermentation  we  have  found  above  to  be  0.012  cc. 

Just  as  the  amount  of  nitrate  present  as  impurity  in  the  dex- 
trose, while  it  introduced  no  significant  error  in  the  results  for  B, 
coli,  made  a  large  difiference  in  the  results  for  B.  typhosus  (where 
the  total  amount  of  gas  was  much  smaller),  so  may  the  principles 
in  the  peptone  which  increase  the  ratio  with  B.  coli  make  a  greater 
difference  with  B.  typhosus!  It  is  possible  that  this  is  wholly 
responsible  for  the  difference  in  the  values  of  the  ratio  found  for 
the  two  organisms. 

Experiments  with  Bad.  welchii. 

Bad,  welchii  was  grown  anaerobically  on  a  medium  consisting 
of  1  per  cent  each  of  Witte's  peptone  and  Merck's  "Highest 
Purity"  dextrose  in  distilled  water.     No  alkali  was  added. 
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greater  than  unity  and  has  a  mean  value  of  1.06  for  a  medium  of 
given  composition. 

1.  The  presence  of  oxygen  raises  the  value  of  this  ratio. 

2.  Increase  of  phosphate  content  also  raises  the  value. 

3.  The  phosphate  cannot  be  reduced  sensibly  in  quantity,  or 
substituted  by  a  salt  less  objectionable. 

4.  The  value  1.06  for  the  ratio  C02:H2  is  minimal.  This  means 
tliat  if  the  principal  gas  reaction  consists  of  a  liberation  of  an 
equal  nimiber  of  molecules  of  carbon  dioxide  and  hydrogen  from 
dextrose  there  also  occurs  an  accompanying  gas  reaction  of  the 
nature  of  an  oxidation. 

n.  B.  typhosus  produces  anaerobically  from  a  dextrose-peptone 
mediiim  small  volumes  of  carbon  dioxide  and  an  explosive  gas, 
probably  hydrogen.    The  ratio  C02:H2  is  never  lower  than  19. 

III.  Bad,  welchii  produces  anaerobically  from  a  dextrose-pep- 
tone medium  large  volumes  of  carbon  dioxide  and  hydrogen. 
The  ratio  COjrHj  is  1.48. 


A  CONTRIBUTION  TO  OUR  KNOWLEDGE   OF  THE  GAS 

METABOLISM  OF  BACTERIA. 

SECOND   PAPER. 

THB  ABSORPTION  OF  OXYGEN  BY  GROWING   CULTURES  OF  B. 

COLI  AND  OF  BACT.  WELCHII. 

Bt  FREDERICK  G.  KEYES  and  LOUIS  J.  GILLESPIE. 
{From  the  Biological  Laboratory  of  Brown  University.) 

(Received  for  publication,  October  9,  1912.) 

We  have  studied  the  gas  production  of  B,  coli  and  of  Bact. 
wdchii  for  various  incubation  periods  in  the  presence  of  oxygen 
admitted  to  the  fermentation  bulbs  in  known  quantities  after  a 
vacuum  had  first  been  obtained.  The  technique  employed  has 
been  described  by  us  in  the  preceding  paper. 

From  the  data  so  obtained  we  can  derive  information  concern- 
ing the  rate  at  which  oxygen  is  absorbed  and  concerning  the  rela- 
tions existing  among  the  quantities  of  oxygen  absorbed  and  the 
quantities  of  carbon  dioxide  and  hydrogen  evolved. 

We  have  not  foimd  in  the  literature  any  work  on  these  points 
for  any  microorganism  where  the  atmosphere  over  the  culture  was 
accurately  controlled  and  the  analyses  were  made  on  portions  of 
gas  accurately  sampled. 

Experiments  vnth  B,  coli. 

The  culture  medium  consisted  of  1.00  per  cent  each  of  Merck's 
"Highest  Purity"  dextrose  and  asparagine  and  0.200  per  cent  of 
disodium  phosphate  and  was  made  neutral  to  phenolphthalein  with 
sodium  hydrate.  Corrections  were  made  for  the  carbon  dioxide 
thus  introduced,  as  explained  in  the  first  paper,  and  the  values  of 
the  corrections  are  given  with  the  analyses. 

The  results  of  the  gas  analyses  are  given  in  table  I. 

30s 
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The  data  given  in  table  I  may  properly  be  compared  with  those 
obtained  for  anaerobic  fermentations  induced  by  B.  coli  on  the 
same  medimn,  and  given  by  one  of  us  in  a  previous  paper,^  with  the 
following  results:  (1)  Smaller  volumes  of  carbon  dioxide  are  pro- 
duced aerobically  than  anaerobically,  for  all  periods  of  time.  (2) 
For  the  same  amoimt  of  carbon  dioxide,  less  hydrogen  is  obtained 
aerobically  than  anaerobically.  The  presence  of  oxygen  therefore 
appears  to  lessen  the  production  of  gases  from  dextrose  and  also 
either  to  cause  some  output  of  carbon  dioxide  by  a  respiratory 
process  or  to  cause  a  disappearance  of  hydrogen  (presumably)  by 
oxidation. 

Experiments  with  Bact,  welchii. 

Similar  experiments  were  made  with  Bact.  welchii.  The  me- 
diiun  consisted  of  1.00  per  cent  each  of  Witte's  peptone  and  Merck's 
"Highest  Purity*'  dextrose  in  distilled  water,  prepared  hot  and 
filtered.  No  alkali  was  added.  Other  conditions  were  the  same 
as  before,  except  that  all  durations  of  incubation  were  much  longer 
and  the  pressures  of  oxygen  were  much  smaller. 

1         V 
The  values  of  the  expression  -•  log  —  are  given  in  table  III.   They 

are  very  nearly  constant  and  are  about  one-third  the  value  found 
for  B.  coli. 
All  other  results  are  given  in  table  II.    The  mean  value  for 


the  respiratory  quotient  (  -t^tt  )  is  0.014,  i.e.,  one-tenth  the  value 

found  for  B.  coli,  with  a  probable  error  of  =t  0.002. 

The  ratio  COi  Jl2  is  slightly  raised  by  the  presence  of  oxygen,* 
and  does  not  vary  for  this  organism  in  great  degree  as  it  does  for 
B.  coli. 

As  with  B.  coli,  the  "missing"  volumes  of  hydrogen  are  not  equal 
to  twice  the  volumes  of  oxygen  absorbed  but  are  sometimes  greater 
and  sometimes  smaller.  It  is  perhaps  of  significance  in  this  con- 
nection that  both  the  media  used  for  these  organisms  permit  side- 
reactions  which  prevent  the  evolution  of  equal  volumes  of  carbon 
dioxide  and  hydrogen  by  anaerobic  fermentation  of  dextrose,  as 
discussed  in  the  first  paper  of  this  study. 

*  Keyes:  loc.  cit. 

•  Values  for  anaerobic  fermentations  are  given  in  the  first  paper  of  this 
series. 
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Bact.  welchii. 
All  gas  volumes  are  reduced  to  standard  conditions. 
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THE  ORGANIC  PHOSPHORIC  ACID  OF  COTTON  SEED 

MEAL. 

By  R.  J.  ANDERSON. 

{From  the  Chemical  Laboratory  of  the  New  York  Agricultural  ExperimerU 

Station f  Genevaj  N,  Y.) 

« 

(Received  for  publication,  October  12,  1912.) 

INTRODUCTION. 

In  the  investigation  of  the  organic  phosphoric  acids  present 
in  various  cereals  and  feeding  stuffs  which  is  being  carried  out 
in  this  laboratory,  cotton  seed  meal  was  also  examined.  Earlier 
work  by  other  investigators  has  shown  that  this  product  proba- 
bly contains  some  complex  organic  phosphoric  acid.^  It  seems, 
however,  that  if  such  a  substance  is  present  it  has  not  been  iso- 
lated in  pure  form  nor  have  its  properties  been  fully  studied. 

The  opinion  seems  to  be  generally  held  that  cotton  seed  meal 
contains  some  poisonous  principle,  but  the  exact  nature  of  this 
principle  has  never  been  definitely  determined.  It  has  been 
claimed  that  pjrro-  and  metaphosphoric  acids  were  present  in 
cotton  seed  meal"  and  it  was  thought  that  the  poisonous  properties 
of  the  product  were  due  to  the  presence  of  salts  of  these  acids. 
More  recent  work  by  Crawford'  led  him  to  believe  that  the  poison- 
ous principle  was  a  salt  of  either  a  simple  inorganic  or  a  complex 
oiganic  pjo-ophosphoric  acid. 

The  presence  of  these  acids  has  been  adduced  from  the  fact 
that  extracts  of  cotton  seed  meal  give  similar  reactions  to  the 
above  acids,  viz.,  anomalous  behavior  towards  ammonium  mo- 
lybdate,  white  precipitates  with  silver  nitrate  and  coagulation 

^  Rather:  Texas  Agric.  Exp.  Station,  Bulletin  146,  1912. 
'Hardin:  South  Carolina  Agric.  Exp.  Station,  Bulletin  8  (new  series), 
1892. 

•Crawford:  Joum,  of  Pharmacol,  and  Exp.  Therapeutics,  i,  p.  519, 
1910. 
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of  egg  albumen;  further,  the  poisonous  eflFects  resemble  those 
given  by  these  acids.  Aside  from  these  reactions,  however,  thene 
is  no  proof  whatever  that  either  pyro-  or  metaphosphoric  acid 
is  present  in  cotton  seed  meal. 

The  purpose  of  the  present  investigation  was  to  isolate  and 
identify,  if  possible,  the  organic  phosphoric  acid  in  cotton  seed 
meal.  We  are,  consequently,  unable  either  to  deny  or  aflirm  the 
absence  or  presence  of  pyro-  or  metaphosphoric  acid  in  this  prod- 
uct. We  have  found,  however,  that  the  organic  phosphoric  add 
isolated  from  cotton  seed  meal  gives  all  the  reactions  reported 
by  the  above  authors,  which  they  considered  as  evidence  of  the 
presence  of  pyro-  and  metaphosphoric  add.  It  seems,  there- 
fore, probable  that  the  reactions  referred  to  sre  due  to  the  or- 
ganic phosphoric  acid  rather  than  to  pyro-  or  metaphosphoric 
acids. 

The  preparation  of  the  substance  and  its  purification  will  be 
more  fully  described  in  the  exp^im^ital  part.  It  will  suffice 
to  state  here  that  the  cotton  seed  meal  was  extracted  with  0.2 
per  c^it  hA-drochloric  acid  and  the  substance  isolated  as  the 
barium  salt.  The  purificaticm  of  the  substance  is  very  difficult. 
Tlie  extract  contains  laige  quantities  of  soluble  impurities,  muci- 
laginous suhstancess  proteins,  etc,  which  render  the  purification 
extrem^"  difficult  and  tedious.  In  addition  to  the  above,  there 
is  apparently  some  carbohydrate  associated  with  the  organic 
phosphoric  acKl,  the  removal  of  which  requires  much  time.  For 
the  sdane  nea^^as  the  yield  of  the  pore  product  is  very  unsatis- 
factory. 

Th^  ixwapound  finally  obtained  is  vefy  similar  to  phytic  add 
so  far  as  comjnxsition  and  nwietioas  are  coDcemed.  In  fact  it 
*:!t  itv,tv^Ke  to  detoraiin^  :n>ni  the  present  data  wiiether  the 
s::lti5^tcir.vV  is  phvtk*  ao:vi  or  an  isocsc-r.  Both  yield  inosite  when 
h^«iT<xi  in  a  s^JtCxxi  tuNr  w::h  i:lu:e  sul^h'^iric  add  and  the  reactions 
oc  a^v-^■^"-^  ^n;I::x^ns  v^f  :Vr  frw  Avr.is  «ui  bardhr  be  diffi»entiated. 
TV<  :r..>s^t  s:rtK:*xjc  vV.!^ort^.^,vY  is  :r  a:  :be  hirium  salt  of  the  product 
:?vv:^.  vVtTvV,  s^rxxi  :r.cAl  s^^onn?  a  .itvii^^i  tecdency  to  crystallize,  a 
r>cv^vr:>  »^^-^  >fcx^  b^w  r.ewr  oCt<*frwc  wbea  mmking  with  barium 

1'"^  tSr  s;:Nvtct"KV  •S.^^:  atTv^.  s*>^i  rj^^C  is  prrapttated  from 
.-.x:  svv\;:x^cjs  >**  "^    a*       -   *  \  .r^.v^r-  it  sefiantes  as  a  white 
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amorphous  precipitate.  When  the  dried  precipitate  is  digested 
in  0.5  per  cent  hydrochloric  acid  it  dissolves  very  readily  but 
after  a  few  minutes  it  precipitates  again.  Under  the  microscope 
this  precipitate  is  seen  to  consist  of  balls  or  globular  masses  of 
very  fine  needle-shaped  crystals.  The  dilute  hydrochloric  acid 
solution  of  the  barium  salt  gives  a  white  amorphous  precipitate 
on  the  addition  of  alcohol;  on  standing  for  several  hours,  however, 
it  slowly  assumes  the  same  crystalline  form  as  mentioned  above. 
The  free  acid  is  not  precipitated  by  barium  chloride  but  if  such 
a  solution  is  allowed  to  stand  over  night  or  longer  the  barium  salt 
will  separate  in  fine  needle-shaped  crystals,  grouped  in  the  same 
general  form  as  above  but  the  individual  crystals  are  much  larger. 
The  amorphous  precipitates  are  very  soluble  in  0.5  per  cent 
hydrochloric  acid  but,  after  the  substance  has  assumed  the  crystal- 
line form,  it  is  very  slightly  soluble  in  this  medium. 

While  the  barium  salt  was  easily  obtained  in  crystalline  form 
it  did  not  contain  a  constant  amount  of  the  base.  The  varia- 
tions would  sometimes  amount  to  as  much  as  3  or  4  per  cent, 
depending  upon  the  amount  of  the  base  present  in  the  solution 
and  the  conditions  under  which  the  substance  separated.  In 
the  presence  of  a  large  excess  of  barium  chloride  a  salt  corre- 
sponding nearly  to  tetrabarium  ph3rtate  crystallizes  out;  when 
a  small  amoimt  of  barium  chloride  is  present  salts  showing  the 
above  mentioned  variations  are  formed;  but  when  the  substance 
has  been  rep>eatedly  separated  from  acid  solutions  with  alco- 
hol a  salt  is  obtained  which  corresponds  nearly  to  tribarium 
phytate. 

The  aqueous  solution  of  the  free  acid  gives  a  heavy  white 
amorphous  precipitate  with  excess  of  silver  nitrate;  with  ammo- 
nium molybdate  a  heavy  white  crystalline  precipitate  is  produced 
.  which  remains  unchanged  in  the  cold  for  a  long  time  but  when 
heated  soon  turns  yellowish  in  color.  These  reactions  are  identical 
with  those  given  by  ph3rtic  acid;  with  other  metals  both  acids  give 
apparently  identical  reactions. 

The  dilute  aqueous  solution  of  the  acid  coagulates  egg  albumen 
at  once.  This  property  of  coagulating  egg  albumen,  however,  is 
not  peculiar  to  the  acid  from  cotton  seed  meal.  Phytic  acid  was 
found  to  produce  an  identical  effect.     The  tetraphosphoric  acid 
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ester  of  inosite*  and  the  pyrophosphoric  acid  esters  of  inosite^ 
mentioned  in  former  papers  also  gave  the  same  reaction.  In  view 
of  the  fact  that  the  last  mentioned  substances  coagulate  egg 
albumen,  it  appears  probable  that  this  property  is  common  to 
organically  bound  phosphoric  acids. 

As  will  be  noticed  from  the  foregoing  the  organic  phosphoric 
acid  of  cotton  seed  meal  gives  all  the  reactions  previously  attrib- 
uted to  the  presence  of  pyro-  and  metaphosphoric  acids.  But 
the  question  whether  or  not  it  is  also  the  toxic  principle  in  cotton 
seed  meal  remains  unanswered.  Preliminary  experiments  carried 
out  with  the  acid  obtained  from  the  purified  barium  salt  on  rab- 
bits are  not  conclusive.  Given  in  0.5  and  1  gram  doses,  the 
free  acid  or  its  potassiiun  salt  produced  strong  s3rmptom8  of 
distress  but  after  a  few  hours  the  animals  regained  their  normal 
appearance.  Larger  doses  passed  through  the  bowel  in  a  very 
short  time  and  no  definite  symptoms  developed. 

It  is  difficult  to  determine  just  what  caused  the  toxicity  of 
the  preparations  which  were  used  in  the  experiments  described 
by  Crawford.*  It  is  evident  that  very  impure  substances  were 
given. 

It  is  our  purpose  to  carry  out  a  series  of  experiments  to  deter- 
mine the  toxicity  of  the  acid  from  cotton  seed  meal  in  comparison 
with  phytic  acid. 

EXPERIMENTAL. 


The  cotton  seed  meal  used  in  these  experiments  was  obtained 
from  the  stock  used  as  cattle  feed  in  this  institution.  For  the 
first  preparation  4500  grams  of  meal  were  digested  in  10  liters  of 
0.2  per  cent  hydrochloric  acid  over  night.  It  was  then  pressed 
through  cheese-cloth  and  the  extract  filtered  through  a  layer  of 
clean  sand.  The  extract  was  a  thick,  mucilaginous,  very  dirty 
colored  liquid  which  could  not  be  filtered  through  paper.  It 
measured  about  5  liters.  It  was  mixed  with  about  8  liters  of 
alcohol  which  produced  a  very  fine  and  voluminous  dirty  pre- 

*  Anderson:  this  Journaly  xi,  p.  484, 1912;  Tech.  Bulletin  19,  N.  Y.  Agric. 
Exp.  Station,  1912. 

»  Anderson:  this  Journaly  xii,  pp.  109,  111,  1912;  Tech.  Bulletin  21,  N.  Y. 
Agric.  Exp.  Station,  1912. 

•  Loc.  cit. 
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cipitate.  After  settling  over  night  the  supernatant  liquid  was 
S3i)honed  off  and  the  residue  centrifuged.  The  precipitate  waa 
then  digested  in  a  considerable  quantity  of  0.5  per  cent  hy- 
drochloric acid,  the  insoluble  portion  removed  by  centrifuging 
and  the  solution  precipitated  with  excess  of  barium  hydroxide. 
The  mixture  was  heated  nearly  to  boiling  and  then  allowed  to 
cool  and  settle.  It  was  again  centrifuged  and  the  residue  treated 
with  0.5  per  cent  hydrochloric  acid  in  which  it  was  readily  soluble. 
After  a  few  minutes,  however,  it  began  to  separate  as  a  fine  crjrs- 
taliine  precipitate.  The  mixture  was  then  filtered  and  the  above 
precipitate  reserved  for  special  examination. 

The  filtrate  was  precipitated  by  the  addition  of  alcohol,  filtered, 
again  treated  with  0.5  per  cent  hydrochloric  acid,  filtered  from 
insoluble  matter  and  again  precipitated  by  alcohol.  It  was  fil- 
tered and  washed  in  dilute  alcohol  and  then  dissolved  in  0.5  per 
cent  hydrochloric  acid,  heated  nearly  to  boiling  and  filtered. 
The  filtrate  was  now  nearly  colorless  and  it  was  slightly  opales- 
cent in  appearance.  After  again  precipitating  the  hydrochloric 
acid  solution  with  alcohol  the  substance  was  obtained  as  a  white 
amorphous  powder.  It  was  very  soluble  in  0.5  per  cent  hydro- 
chloric acid  but  the  solution  had  a  thick,  mucilaginous  and  slightly, 
opalescent  appearance.  This  solution  was  now  precipitated  with 
excess  of  barium  hydroxide  when  a  voluminous,  tenacious ,  ropy 
precipitate  was  obtained.  The  mixture  was  thoroughly  shaken 
for  some  time  and  then  filtered  and  washed  in  water.  The  washed 
residue  was  dissolved  in  0.5  per  cent  hydrochloric  acid  and  pre- 
cipitated with  alcohol.  After  repeating  this  operation  the  sub- 
stance was  filtered,  washed  free  of  chlorides  with  dilute  alcohol 
and  finally  washed  in  alcohol  and  ether  and  dried  in  vacuum 
over  sulphuric  acid.  The  product  was  then  a  snow-white  amor- 
phous powder,  weighing  10.2  grams. 

The  substance  thus  prepared  was  but  slightly  soluble  in  boiling 
water.  With  phloroglucine  and  hydrochloric  acid  it  gives  a  light 
red  color  which  soon  changes  to  a  reddish-brown.  With  orcine 
it  gives  at  first  a  reddish  color  which  soon  fades,  leaving  a  dirty 
colored  precipitate.  After  boiling  the  substance  in  dilute  hydro- 
chloric acid,  precipitating  the  barium  with  sulphuric  acid,  filter- 
ing and  neutralizing,  it  strongly  reduces  Fehling's  solution  on 
boiling.    The  nitric  acid  solution  gave  no  reaction  with  anamo- 
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acid,  in  which  it  gave  the  same  thick,  mucilaginous,  slightly  opal- 
escent solution  as  mentioned  above. 

The  compound  first  analyzed  is  evidently  not  homogeneous. 
It  apparently  consists  of  some  carbohydrate  or  giunmy  substance 
and  an  organic  phosphorus  compound;  the  latter  crystallizes 
from  the  aqueous  solution  in  nearly  pure  form  but  the  substances 
cannot  be  separated  by  precipitating  the  dilute  acid  solutions 
with  alcohol.  This  gummy  substance  haa  not  been  isolated  in 
pure  form  and  we  are  entirely  in  the  dark  as  to  its  nature  and 
composition. 

A  portion  of  the  above  crystalline  barium  salt  was  used  for 
the  preparation  of  the  free  acid.  The  substance  was,  however, 
not  pure  and  it  had  not  been  washed  free  of  the  mother  liquor. 
The  acid  was  prepared  by  the  usual  method,  that  is,  the  barium 
salt  was  decomposed  with  a  slight  excess  of  sulphuric  acid,  the 
filtered  solution  precipitated  with  copper  acetate,  the  latter  fil- 
tered, washed  and  decomposed  with  hydrogen  sulphide,  again 
filtered  and  the  filtrate  evaporated  in  vacuum  at  a  temperature 
of  4(M5°  and  finally  dried  in  vacuum  over  sulphuric  acid.  In 
appearance  and  reactions  the  acid  was  practically  identical  with 
phytic  acid  except  that  after  boiling  with  dilute  hydrochloric  acid 
and  neutralizing  it  slightly  reduced  Fehling's  solution.  This  reduc- 
tion, however,  we  believe  to  be  due  to  admixed  impurities  for,  as 
stated  above,  the  acid  was  not  prepared  from  a  pure  compound. 

The  aqueous  solution  of  the  acid  coagulates  egg  albumen  at 
once.  As  has  been  already  mentioned  phytic  acid  gives  the 
same  reaction,  as  well  as  the  inosite  esters  of  phosphoric  and 
pyrophosphoric  acids.  Apparently,  therefore,  no  special  signifi- 
cance can  be  attached  to  this  reaction. 

The  acid  gave  the  following  result  on  analysis  after  previously 
drying  at  105°  in  vacuum  over  phosphorus  pentoxide. 

Found:  C  =  11.71;  H  «  3.07;  P  =  26.35  per  cent. 

The  crystalline  precipitate  mentioned  on  page  315,  which  sepa- 
rated from  the  solution  of  the  first  barium  precipitate  in  0.5  per 
cent  hydrochloric  acid,  was  treated  with  about  5  per  cent  hydro- 
chloric acid  in  which  the  greater  portion  dissolved.  The  insoluble 
matter  was  removed  by  centrifuging  and  the  solution  precipitated 
with  alcohol.     This  operation  was  repeated  a  second  time  when 
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the  substance  was  obtained  nearly  white.  It  differed  from  the 
first  preparation  in  that  its  solution  in  dilute  hydrochloric  acid 
was  neither  mucilaginous  nor  opalescent.  For  further  purification 
the  substance  was  first  precipitated  by  barium  hydroxide  from 
its  dilute  hydrochloric  acid  solution  and  then  twice  precipitated 
from  dilute  hydrochloric  acid  with  alcohol.  The  precipitates 
produced  by  the  alcohol  were  amorphous  at  first  but  when  allowed 
to  stand  over  night  in  the  mother  liquor  they  always  changed 
to  the  same  crystalline  form  as  previously  mentioned. 

After  precipitating  the  last  time  with  alcohol  the  substance 
was  quickly  filtered,  washed  in  dilute  alcohol,  alcohol  and  ether 
and  dried  in  vacuum  over  sulphuric  acid.  The  product  was  a 
snow-white  amorphous  powder  and  it  weighed  7.4  grams. 

The  filtrate  from  the  above  was  allowed  to  stand  over  night 
when  a  small  amoimt  of  the  substance  crystallized  out.  The  crys- 
tals were  filtered,  washed  in  dilute  alcohol,  alcohol  and  ether  and 
dried  in  the  air.  The  substance  was  free  from  chlorine  and  gave 
no  appreciable  color  reaction  with  phloroglucine  or  orcine.  For 
analysis  it  was  dried  at  105°  in  vacuum  over  phosphorus  pentoxide. 

0.2450  gram  substance  lost  0.0272  gram  HsO  on  drying. 
0.2178  gram  substance  gave  0.0284  gram  HsO  and  0.0522  gram  C0|. 
0.1776  gram  substance  gave  0.1170  gram  BaSOi  and  0.1078  gram  MgjPiOi. 
Found:  C  =  6.53;  H  =  1.45;  P  =  16.91;  Ba  =  38.76;  H,0  =  11.10  per  cent. 

This  substance  agrees  nearly  in  composition  with  tribarium 
phytate. 

Calculated  for  tribarium  phytate,  CsHisOtrPaBai  =  1120: 
C  =  6.42;  H  =  1.60;  P  =  16.60;  Ba  =  36.78;  8H2O  =  11.39  per  cent. 

The  amorphous  product  (7.4  grams)  mentioned  above  was 
analyzed  after  previous  drying  at  105°  in  vacuum  over  phos- 
phorus pentoxide  and  the  following  results  obtained: 

C  =  8.04;  H  =  1.62;  P  =  16.65;  Ba  =  36.55  per  cent. 

The  substance  was  free  from  chlorine.  It  was  very  slightly 
soluble  in  boiling  water.  With  phloroglucine  it  gave  a  cherry 
red  color;  with  orcine  only  a  faintly  greenish  color  was  produced. 
After  boiUng  in  dilute  hydrochloric  acid,  precipitating  the  barium 
with  sulphuric  acid,  filtering  and  neutraUzing,  it  reduced  FehUng^s 
solution  sUghtly  on  boiling.  Evidently  some  carbohydrate  was 
still  present. 
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For  further  purification  the  substance  was  dissolved  in  0.5  per 
cent  hydrochloric  acid,  filtered  and  alcohol  added  Until  a  faint 
pennanent  turbidity  remained.  This  was  cleared  up  by  the 
addition  of  a  few  drops  of  dilute  hydrochloric  acid  and  the  solu- 
tion allowed  to  stand  at  room  temperature.  The  substance  soon 
began  to  separate  in  the  same  crystalline  form  as  before.  After 
standing  for  two  days  the  crystalline  substance  was  filtered  oflF, 
washed  in  water,  alcohol  and  ether  and  dried  in  vacuum  over 
sulphuric  acid. 

The  mother  liquor  was  diluted  with  more  alcohol  and  allowed 
to  stand  as  before  when  a  further  quantity  of  tjie  same  shaped 
crystals  was  obtained.  After  filtering,  washing  and  drying  as 
before  these  salts  were  analyzed  after  first  drjdng  at  105**. 

Pound  (first  crop  of  crystals):  C  =  7.06;  H  =  1.53;  P  =  16.46;  Ba  =  38.16 

per  cent. 
Found  (second  crop  of  crystals):  C  =  7.47;  H  =  1.58;  P  =  16.46;  Ba  = 

38.12  per  cent. 

In  order  to  determine  if  further  treatment  would  alter  the 
composition,  the  whole  substance  was  digested  in  50  per  cent 
acetic  acid  over  night,  filtered,  washed  in  water,  alcohol  and  ether 
and  dried  in  the  desiccator.  It  was  then  dissolved  in  0.5  per 
cmt  hydrochloric  acid,  filtered  and  the  solution  brought  to  crys- 
tallization by  the  careful  addition  of  alcohol  as  before.  The 
product  finally  obtained  weighed  3.8  grams  and  it  was  a  snow- 
white  crystalline  powder.  For  analysis  it  was  dried  at  105**  in 
vacuum  over  phosphorus  pentoxide. 

Found:  C  =  7.10;  H  =  1.52;  P  =  17.17;  Ba  =  38.11  per  cent. 

As  contmued  treatment  did  not  alter  the  composition  and  as 
it  separated  in  crystalline  form  it  was  imdoubtedly  a  homogeneous 
compoimd. 

The  free  acid  prepared  from  this  purified  barium  salt  by  the 
same  method  as  before  gave  the  following  result  on  analysis  after 
previous  drjring  at  78**  in  vacuum  over  phosphorus  pentoxide: 

0.2626  gram  substance  gave  0.0763  gram  H2O  and  0.1049  gram  COs. 
0.1733  gram  substance  gave  0.1686  gram  Mg2Pt07. 

Found:  C  =  10.89;  H  =  3.25;  P  =  27.11  per  cent. 

Calculated  for  ph3rtic  acid,  CeHjiOirPe  =  714: 

C  =  10.08;  H  =  3.36;  P  =  26.05  per  cent. 

This  acid  gave  the  same  reactions  as  previously  described. 


320      Organic  Phosphoric  Acid  of  Cotton  Seed 

Preparation  of  inosite  from  the  above  barium  saii. 

Of  the  dry  salt,  1.34  grams  were  heated  in  a  sealed  tube  witii 
10  cc.  of  5n  sulphuric  acid  to  160°  for  about  three  hours.  After 
precipitating  with  barium  hydroxide  the  inosite  was  isolated  in 
the  usual  way  and  recrystallized  from  dilute  alcohol  with  addi- 
tion of  ether.  The  product  was  obtained  in  colorless  needles 
free  from  water  of  crystallization.  The  yield  was  0.17  gram  or 
about  77  per  cent  of  the  theory.  It  gave  the  reaction  of  Scherer 
and  melted  at  221°  (uncorrected).    The  air-dried  substance  was 

analyzed: 

Found :  C  =  39.81 ;  H  =  6.96  per  cent. 

A  further  quantity  of  the  barium  salt  was  prepared  by  the 
following  method  which  was  found  to  be  much  less  laborious 
than  that  used  at  first.  The  cotton  seed  meal,  8  kilograms,  was 
digested  in  16  liters  of  0.2  per  cent  hydrochloric  acid  for  about 
five  hours.  It  was  then  pressed  through  cheese-cloth  and  the  ex- 
tract filtered  through  absorbent  cotton.  The  extract  was  pre- 
cipitated with  excess  of  barium  hydroxide,  allowed  to  settle  and 
then  centrifuged.  The  precipitate  was  digested  in  several  liters 
of  0.5  per  cent  hydrochloric  acid  and  again  centrifuged.  The 
free  acid  was  then  nearly  neutralized  with  barium  hydroxide. 
The  precipitate  which  separated  was  the  barium  salt  of  the  organic 
phosphoric  acid.  This  was  filtered  and  treated  with  0.5  per 
cent  hydrochloric  acid  in  which  it  was  readily  soluble  at  first 
but  it  soon  separated .  in  the  usual  crystal  aggregates.  This 
was  filtered  and  washed  and  dissolved  in  sufficient  dilute  hydro- 
chloric acid  and  again  filtered.  The  practically  colorless  filtrate 
was  precipitated  by  alcohol.  After  filtering  it  was  again  dissolved 
in  dilute  hydrochloric  acid  and  precipitated  with  barium  hydrox- 
ide, filtered  and  washed  in  water.  It  was  then  dissolved  in  dilute 
hydrochloric  acid,  precipitated  with  alcohol,  filtered,  washed  in 
dilute  alcohol,  alcohol  and  ether  and  dried  in  vacuum  over  sul- 
phuric acid.  The  product  was  a  snow-white  amorphous  powder 
and  it  weighed  24  grams.  It  was  dissolved  in  about  300  cc.  of 
0.5  per  cent  hydrochloric  acid,  filtered  and  allowed  to  stand  a 
short  time  when  a  portion  crystallized  out.  This  was  filtered 
off,  washed  several  times  in  water  and  finally  in  alcohol  and  ether 
and  dried  in  the  air.     The  white  crystalline  powder  weighed  7.4 
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grams.  The  filtrate  and  washings  from  above  were  united  and 
precipitated  by  alcohol.  After  standing  over  night  the  amor- 
phous precipitate  had  changed  to  the  usual  crystalline  form. 
After  filtering,  washing  and  dr3ring  in  vacuum  over  sulphuric 
acid  it  weighed  14.7  grams.  ^ 

The  above  salts  were  free  from  chlorine.  The  nitric  acid  solu- 
tions gave  no  immediate  reaction  with  ammonium  molybdate. 
No  appreciable  color  reactions  were  obtained  with  phloroglucine 
or  orcine  and  they  did  not  reduce  Fehling's  solution.  Metals 
other  than  barimn  were  absent.  For  analysis  the  substances 
were  dried  at  105**  in  vacuum  over  phosphorus  pentoxide. 

The  first  crystalline  compound  gave  the  following: 

C  =  6.05;  H  =  1.45;  P  -  16.51;  Ba  =  40.04;  HjO  =  12.06  per  cent. 

This  salt  is  evidently  a  mixture  of  the  tri-  and  tetrabarium  salt. 
It  was  recrystallized  as  follows:  One  gram  of  the  substance  was 
dissolved  in  about  150  cc.  of  0.5  per  cent  hydrochloric  acid  and 
the  free  acid  nearly  neutralized  with  barium  hydroxide.  About 
0.5  gram  of  barium  chloride  was  then  added  and  the  solution 
allowed  tp  stand  for  two  days  at  room  temperature.  The  sub- 
stance separated  slowly  in  the  same  general  crystal  form  as  before 
except  that  the  individual  crystals  were  much  larger.  These 
were  filtered,  washed  in  water,  alcohol  and  ether  and  dried  in 
the  air.  Under  the  microscope  the  substance  appeared  homo- 
geneous. Yield,  0.9  gram.  After  drying  at  105*^  in  vacumn  it 
was  analyzed: 

0.4067  gram  substance  lost  0.0496  gram  on  drying. 

0.3571  gram  substance  gave  0.0358  gram  HiO  and  0.0699  gram  COj. 

0.2068  gram  substance  gave  0.1530  gram  BaSOi  and  0.1160  gram  MgiPjOj. 

Found:  C  =  5.33;  H  =   1.12;  P  =  15.63;  Ba  =  43.53;  H2O  =  12.19  per  cent. 

Calculated  for  tetrabariimi  ph3rtate  CeHuOwPeBai  =  1255: 
C  =  5.73;  H  =  1.27;  P  =  14.82;  Ba  =  43.74;  10  HiO  =  12.54  per  cent. 

The  second  crystalline  compound  mentioned  above  gave  the 
following  result  on  analysis: 

C  =  6.88;  H  =  1.50;  P  =  15.94;  Ba  =  37.38  per  cent. 

P  =  16.28;  Ba  =  37.21  per  cent. 

This  corresponds  to  a  tribarium  salt. 
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A  further  quantity  of  the  free  acid  was  prepared  from  this 
salt  by  the  usual  method.  From  7  grams  of  the  substance  practi- 
cally the  theoretical  quantity  of  acid  was  obtained.  After  dry- 
ing at  100°  the  substance  was  analyzed: 

0.2319  gram  substance  gave  0.0767  gram  H2O  and  0.0925  gram  COj. 
After  drying  over  boiling  chloroform  over  phosphorus  pentoxide: 

0.2378  gram  substance  gave  0.0703  gram  HsO  and  0.0961  gram  COs. 
0.1495  gram  substance  gave  0.1414  gram  MgtPsO?. 
Found:  C  =  10.87;  H  =  3.70  per  cent. 

C  »  11.02;  H  =  3.30;  P  =  26.36  per  cent. 

Calculated  for  phytic  acid,  CeHjiOnPt  =  714: 
C  =  10.08;  H  =  3.36;  P  =  26.05  per  cent. 

This  preparation  gave  the  same  reactions  as  those  previously 
mentioned.  When  carefully  prepared  the  acid  is  a  thick  color- 
less syrup  readily  soluble  in  water  and  alcohol.  Attempts  were 
made  to  prepare  crystalline  salts  of  the  acid  with  organic  bases 
like  pyridine  and  brucine  but  without  success.  These  salts  could 
not  be  obtained  in  crystalline  form.  In  every  case  they  separated 
as  thick  liquids  which  could  not  be  brought  to  crystallize  even 
after  long  standing. 

The  reaction  of  the  aqueous  solution  of  the  acid  with  inorganic 
bases  may  be  briefly  stated  as  follows: 

Ammonium  molybdate  gives  a  heavy,  white,  crystalline  pre- 
cipitate. Silver  nitrate  in  excess  produces  a  heavy,  white,  amor- 
phous precipitate.  Magnesia  mixture  also  gives  a  voluminous, 
white,  amorphous  precipitate.  It  is  not  precipitated  by  the  chlo- 
rides of  the  alkaline  earths  but  the  acetates  and  hydroxides  pro- 
duce white  amorphous  precipitates.  While  barium  chloride  does 
not  give  any  precipitate  if  the  solution  is  allowed  to  stand  at 
room  temperature  over  night  or  longer  the  barium  salt  crystallixes 
out  in  delicate,  needle-shaped  crjrstals.  In  shape  and  arrange- 
ment these  crystals  are  identical  with  those  previously  referred 
to  but  they  are  much  larger.  It  inmiediately  coagulates  egg 
albmnen.  A  neutral  solution  of  the  acid  does  not  reduce  Fehling's 
solution;  even  after  boiling  with  dilute  hydrochloric  acid  for 
some  time  no  reduction  takes  place.  No  appreciable  color  reac- 
tion is  given  with  phloroglucine  or  orcine. 
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Ferric  chloride  gives  a  white  precipitate  very  sparingly  soluble 
in  hydrochloric  acid.  Copper  acetate  in  excess  gives  a  bluish- 
white  precipitate. 

On  drying  at  78°  or  100°  the  substance  turns  very  da'rk  in 
color  but  on  drying  at  60°  the  color  changes  but  slightly.  All 
the  barium  salts  obtained  were  strongly  acid  in  reaction  on  moist 
litmus  paper. 

It  is  evident  that  the  substance  isolated  from  cotton  seed  meal 
is  very  similar  to  phytin.  The  various  salts  which  have  been 
analyzed  show  but  little  difference  in  composition  as  compared 
with  the  corresponding  phytin  derivatives.  It  may  be  noted, 
however,  that  the  analytical  results  of  the  purified,  so-called 
tribarium  salts  point  to  the  empirical  formula  C2H4P208Ba.  Such 
a  compound  might  be  a  monobasic  acid  of  the  formula  CHsP04  but 
it  is  also  isomeric  with  inosite  hexaphosphate  and  accordingly 
differs  very  little  in  composition  from  phytic  acid. 

If  the  organic  phosphoric  acid  in  cotton  seed  meal  is  identical 
with  phytin,  if  it  is  an  isomer  or  if  it  is  a  somewhat  differently 
constituted  substance  can  hardly  be  determined  from  the  data 
presented  in  this  paper.    The  investigation  will  be  continued. 
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I.   METHODS  AND  RESULTS. 

A.  Methods. 

I  have  shown  in  a  previous  communication^  that  it  is  possible, 
with  a  very  fair  and  a  thoroughly  definite  degree  of  accuracy,  to 
determine  the  total  quantity  and  relative  proportion  of  each  of 
three  groups  of  serum  proteins  by  a  refractometric  method,  only 
employing  very  small  quantities  (not  necessarily  exceeding  20 
cc.)  of  serum.  The  method,  briefly  recapitulated  with  slight  modi- 
fications indicated  by  further  experience,  is  as  follows : 

1.  An  accurately  measured  volume,  usually  10  cc,  of  fresh  whipped  and 
centrifugalized  senun  is  diluted  to  ten  times  its  volume  with  distilled  water. 
Carbon  dioxide  is  bubbled  through  this  solution  at  a  good  rate  (two  or  three 
bubbles  per  second)  for  at  least  one  hour.  The  precipitate  which  is  thus 
obtained  is  allowed  to  settle  for  from  twelve  to  sixteen  hours.  The  super- 
natant fluid  is  then  carefully  decanted  and  centrifuged  in  two  50  cc.  centri- 
fuge tubes  to  throw  down  any  flocculi  carried  over  in  decant  at  ion.  Mean- 
while, the  glass  cylinder  containing  the  precipitate  is  filled  up  to  the  100 
cc.  mark  with  distilled  water  and  the  contents  thoroughly  mixed  by  shaking. 
A  few  minutes'  energetic  centrifugalization  of  the  mother-liquor  suffices 
to  throw  down  any  traces  of  globulin  which  it  contains,  and  the  fluid  is  then 


*  T.  Brailsford  Robertson:  this  Journal,  xi,  p.  179,  1912. 
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iivity  of  the  proteins  in  the  serum.  Subtracting  the  refractivity  of  the 
albumiDS  determined  above,  we  obtain  the  total  refractivity  of  the  globiUins  in 
the  serum.  This  estimate  divided  by  0.00229  yields  the  total  percentage  of 
globulins  in  the  serum. 

4.  The  sum  of  the  percentage  of  albumin  and  globulin  yields  the  total  per- 
ceTitage  of  proteins  in  the  serum.  If  desired  this  estimate  may  be  checked  by 
a  Kjeldahl  determination  of  the  nitrogen  in  the  total  coagulable  protein 
contained  in  a  measured  sample  of  the  serum  employed. 

According  to  Reiss^  the  refractivity  of  crystallized  serum  albu- 
min differs  considerably  from  that  of  amorphous  serum  albu- 
min, 1  gram  of  the  former  per  100  cc.  of  solvent  producing  a 
change  of  0.00201  in  its  refractive  index  while  1  gram  of  amor- 
phous albumin  per  100  cc.  of  solvent  produces  a  change  of  0.00177 
in  its  refractive  index.  If  appreciable  quantities  of  crystallizable 
serum  albumin  exist  as  such  in  a  sample  of  serum  under  investi- 
gation we  should  expect  to  detect  its  presence  by  a  lack  of  agree- 
ment between. the  percentage  of  total  proteins,  determined  refrac- 
tometrically,  and  the  percentage  of  total  proteins  determined  by 
coagulation  and  a  Kjeldahl  estimate  of  the  total  nitrogen  in  the 
coagulum.  As  we  shall  see,  however,  even  when  serum  known  to 
\ield  large  amoimts  of  crystalline  albumin  to  appropriate  treat- 
ment is  employed,  to  wit,  horse  serum,  no  such  lack  of  agreement 
can  be  detected.  Consequently  the  method  of  analysis  outlined 
above  jields  reliable  results  whether  the  serum  under  examination 
readily  yields  crystalline  albumin  or  not. 

B.  Results  obtained  with  horse  serum. 

Through  the  kindness  of  my  colleagues,  Drs.  C.  M.  Haring  and 
C.  L.  Roadhouse,  to  whom  my  sincere  thanks  are  due,  I  have  been 
able  to  obtain  horse  serum  from  an  adult  animal  which  had  been 
deprived  of  food  for  about  twenty-four  hours  previous  to  the  bleed- 
ing.® The  blood  was  collected  in  Erlenmeyer  flasks,  du-ectly  from 
the  jugular  vein,  defibrinated  by  shaking  with  glass  beads  and 
immediately  centrifuged.  The  clear  sermn  was  pipetted  off  and 
analyzed  immediately. 

*E.  Reiss:  Beitr.  z.  chem.  Physiol,  u.  Path.,  iv,  p.  150,  1903;  Arch.  f.  exp. 
Path.  u.  Pharm.y  li,  p.  118,  1903. 

*  Cf.  under  sections  C  and  D  regarding  the  influence  of  fasting  upon  the 
composition  of  the  serum-proteins. 
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The  ^'insoluble"  globulin  was  determined  in  two  10  ce.  samples; 
the  albumins  were  determined  in  two  5  cc.  samples.  In  each  case 
the  different  samples  yielded  identical  results.  In  these  and  in 
all  of  the  other  determinations  reported  in  this  article  a  Pulfrich 
refractometer,  reading  to  within  1'  of  the  angle  of  total  reflection, 
was  employed.  A  sodium  flame  was  the  source  of  light.  The 
following  were  the  results  obtained: 

Table  1.    Horse  serum. 

per  cent. 

"Insoluble"  globulin 0.34  =*=  0.04 

Total  globulins 3.5     ^^  0.15 

Total  albumins 4.6     afc'0.2 

Total  proteins 8.1     ±0.2 

The  figure  following  the  =*=  sign  is  the  possible  error  in  the  deter- 
mination due  to  a  possible  error  of  =*=  1'  in  reading  the  angle  of 
total  reflection.' 

Horse  serum,  as  is  well  known,^  readily  yields  crystalline  albu- 
min upon  appropriate  treatment;  accordingly  I  expected  to  find 
a  divergence  between  the  percentage  of  total  protein  as  determined 
above  and  the  percentage  of  total  proteins  estimated  by  coagula- 
tion and  the  determination  of  the  nitrogen  in  the  coagulum.  No 
such  divergence  was  found,  however. 

The  determination  of  the  total  coagulable  protein  was  carried 
out  as  follows,  three  separate  5  cc.  samples  of  the  serum  being 
employed: 

A  9  cm.  S  &  S  589  "blue  band"  filter  was  about  three-fourths  filled  with 
absolute  alcohol  and  fresh  alcohol  was  kept  dripping  into  the  filter  from  a 
burette  as  rapidly  as  it  passed  through.  A  5  cc.  sample  of  the  serum  was 
then  delivered  very  slowly,  drop  by  drop,  into  the  alcohol,  which  passed 
through  quite  clear  and  devoid  of  precipitate.  The  filter  and  contained 
coagulum  were  dried  at  36°  over  H2SO4  for  forty-eight  hours.  The  nitrogen 
in  the  filter  and  contained  precipitate  was  then  determined  by  the  U.  S. 


^  In  ray  previous  communication,  referred  to  above,  the  possible  error  in 
determining  the  total  proteins  and  the  albumins  is  erroneously  stated  to  be 
=*=  0.1  per  cent  instead  of  =*=  0.2  per  cent,  while  the  possible  error  in  deter- 
mining the  total  globulin  is  erroneously  stated  to  be  ^  0.1  per  cent  instead  of 
=*=  0.15  per  cent. 

*  Cf.  Fr.  X.  Schulz:  Die  Krystallisation  von  Eiweisssloffen,  Jena,  1901,  p.  13. 
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official  Ejeldahl  method.'    The  nitrogen  was  multiplied  by  6.29  in  estimat- 
ing the  protein.    The  following  were  the  results  obtained : 

Tablb  2.    Alcohol-coagvlable  protein  in  horse  serum. 


SAMPLB 

N  IN  SAMPLE 

PKB  CENT  or  ALCOHOL- 

COAGDLABLE  PROTEIN  IN 

THE  SEBUM 

1 

mgm. 

64.8 

t 

8.15 

2 

62.8 

7.90 

3 

63.3 

7.97 

Average:  8.00 

Hence,  within  the  experimental  error  of  the  determinations,  the 
percentage  of  alcohol-coagulable  protein  in  horse  serum  is  identical 
with  the  percentage  of  total  proteins  determined  on  the  assumption 
that  all  of  the  albumins  in  the  sermn  have  a  refractivity  per  gram 
per  100  cc.  of  solvent  of  0.00177.  It  appears,  therefore,  that  albu- 
min of  a  refractivity  of  0.00201  per  gram  per  100  cc.  of  solvent  is 
not  present  m  sufficient  amount  in  horse  serum  to  appreciably 
affect  the  accuracy  of  refractometric  determinations  carried  out  as 
outlined  above.  The  reason  for  this  is  readily  perceived  when  we 
consider  the  magnitude  of  the  divergence  between  the  above  esti- 
mates which  we  should  expect  to  find  were  the  whole  of  the  serum 
albumin  of  the  trystallizable  variety.  In  this  event,  it  appears, 
from  the  refractometric  observations,  that  in  the  serum  under 
examination  the  percentage  of  total  albumin  would  be  4.1  and 
the  percentage  of  total  proteins,  7.6.  No  less  than  40  per  cent  of 
the  total  albumins  would  have  to  be  of  the  crystallizable  variety, 
therefore,  in  order  to  cause  a  divergence  of  0.2  per  cent  between  the 
two  estimates  of  the  total  proteins.  Now,  as  we  have  seen,  the 
possible  error  in  the  refractometric  determination  of  the  percent- 
age of  total  proteins  is  =*=  0.2  per  cent.  Hence  we  may  draw  the 
following  conclusions: 

(1)  Horse  serum  does  not  contain  preformed  crystallizable  albu- 
min to  the  extent  of  over  40  per  cent  of  the  total  albumins. 

(2)  The  refractometric  method  cannot  be  employed  to  deter- 
mine more  precisely  than  this  the  quantity  of  crystallizable  albu- 
mm  contained  m  sera. 

•U.  S.  Department  of  Agric,  Bureau  of  Chemistry,  Bulletin  107,  p.  5, 
1910. 
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(3)  Provided  not  over  40  per  cent  of  the  albumins  are  of  ihe 
crystallizable  variety  no  appreciable  error  is  introduced  into  the 
refractometric  determinations  of  the  total  albumins  and  total  pro- 
teins in  sera  by  assuming  that  all  of  the  albumins  present  have  a 
refractivity  of  0.00177  per  gram  per  100  cc.  of  solvent. 

Expressing  the  quantity  of  each  of  the  proteins  in  the  horse 
serum  employed  in  terms  of  the  percentage  of  the  total  proteins 
which  they  represent,  the  above  results  may  be  summarized  as 
follows : 

"  Insoluble"  globulin 4.2  (=*=  0.4) 

•     Total  globulins : 43       (=»=  2) 

Total  albumins 57       (±2) 

The  figures  in  brackets  represent  the  plus  or  minus  error  in  the  estima- 
tion of  these  percentages  which  would  be  brought  about  by  an  error  of 
1'  in  reading  the  angle  of  total  reflection. 

These  results  are  not  in  good  agreement  with  those  obtained 
by  Hanunarsten*'^  and  by  Lewinski,"  who  agreed  in  stating  that 
the  percentage  of  globulins  exceeds  the  percentage  of  albumins 
in  the  serum  of  the  horse.  I  have  had  occasion  to  note  a  similar 
divergence  between  my  results  and  those  of  Hanunarsten,  employ- 
ing ox  serum.^*^  This  divergence  is  the  more  surprising  since,  as 
we  shall  see,  the  agreement  between  my  results  and  those  of  Ham- 
marsten  and  other  observers  employing  the  serum  of  fully  fed 
(?*.c.,  ** normal")  rabbits  is  highly  satisfactory.  In  view  of  the 
marked  influence  of  fasting  upon  the  relative  proportion  of  the 
globulins  and  albumins  in  blood  sera,  which  we  will  discuss  in 
sections  C  and  D  of  this  article,  I  am  inclined  to  attribute  these 
divergencies  to  the  fact  that  the  horse  and  oxen  from  which  I 
obtained  my  sera  were  in  a  fasting  condition,"  while  those  employed 
by  Hammarsten  and  Lewuiski  were  not  improbably  fully  fed  ani- 
mals. I  am  confirmed  in  this  belief  by  the  fact  that  in  one  instance 
Hammarsten  obtained  ox  serum  containing  a  greater  percentage 
of  albumins  than  of  globulins. 

»o  0.  Hammarsten:  Arch.f.  d.  ges.  Physiol.,  xvii,  p.  413, 1878. 
»  J.  Lewinski:  ibid.,  c,  p.  611,  1903. 
"T.  Brailsford  Robertson:  loc.  cit. 

*»  The  oxen  killed  at  local  slaughter-houses  are  invariably  fasting  and 
have  usually  travelled  long  distances  by  railway  without  food. 
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C.  Res^uUs  obtained  with  rabbit  serum. 

I  have  carried  out  a  number  of  analyses  of  the  blood  serum  of 
rabbits.  The  animals  employed  were  all  of  medium  size  (2000 
grams  or  thereabouts)  and  were  bled  directly  from  the  carotid 
artery  into  a  small  Erlenmeyer  flask  containing  glass  beads,  which 
were  agitated  until  the  blood  was  defibrinated.  The  blood  was 
then  immediately  centrifugalized,  and  the  clear  serum  pipetted 
off  and  analyzed. 

For  my  earlier  analyses  I  employed  serum  obtained  from  "uor- 
mal"  animals,  animals,  that  is,  taken  directly  from  the  animal 
house  and  fed  at  an  undetermined  time  prior  to  the  bleeding.  The 
following  were  the  results  obtained. 

Table  3.     Normal  rabbits. 


RABBIT  NtTMBER 


"IX80LUBLE' 
QLOBULIXB 


TOTAL. 
QLOBULINB 


per  cent 

1  (Gray) ' 

2  (Yellow) 0.35  = 

3  (Yellow) 


I  per  cent 

I  1.7  =*=  0.15 

0.04  2.0  =fc  0.15 

i  2.1   =fc  0.15 


Average 0.35  ±  0.04i  1.9  =*=  0.15 


TOTAL 
ALBUMINS 

per  cent 

4.9  =fc  0.2 
4.5  =t  0.2 
5  0  =fc  0.2 

4.8  =»=  0.2 


TOTAL 
PROTEINS 

per  cent 

6.6  =t  0.2 
6.5  =*=  0.2 
7.1   =*=  0.2 

6  7  ±  0.2 


Expressing  each  of  the  above  mentioned  proteins  or  groups  of 
proteins  in  terms  of  the  percentage  of  the  total  proteins  which  they 
represent,  the  above  results  for  "normal"  j-abbit  serimi  may  be 
summarized  as  follows: 

"Insoluble*'  globulin 5.2        (=fc  0.4) 

Total  globulins '^\^)  ^^  2) 

Total  albumms '^^{69/  ^*  ^^ 

The  first  figure  opposite  each  group  represents  the  average  percentage; 
the  upper  figures  immediately  following,  the  highest  percentage  observed 
in  any  individual;  the  lower  figure,  the  lowest  percentage  observed  in  any 
individual;  and  the  figure  in  brackets,  the  plus  or  minus  error  in  the  estima- 
tion of  these  percentages  which  would  be  brought  about  by  an  error  of  1' 
'n  reading  the  angle  of  total  reflection. 

Prom  these  results,  it  would  appear  that  the  variations  in  the 
relative  proportions  of  the  three  groups  of  proteins  considered 
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in  the  three  diflferent  individuals  employed  are  not  greater  than 
the  variations  which  might  arise  from  experimental  errors  in  the 
determinations.  The  above  results  may  be  compared  with  the 
following  previous  estimates  of  the  total  globulins,  albumins  and 
total  proteins  in  rabbit  serum. 

O.  Hammarsten;^^  determinations  made  upon  four  animals;  globulins 
precipitated  by  saturation  of  the  serum  with  MgSOi: 


Total  globulins 29 


|32| 
\25/ 


Total  albumins "^^  1 68  f 

C.  Inagaki;^*  determinations  made  upon  thirteen    animals;    globulins 

precipitated  by  half-saturation  of  the  serum  with  AmtSOi: 

/36\ 
Total  globulins ^9  <  gij 


Total  albiunins. 


'■© 


These  data,  obtained  by  precipitation  of  the  globulins  and  sub- 
sequent Kjeldahl  determinations  of  the  nitrogen  contained  in  the 
precipitate  and  in  the  coagulated  proteins  of  whole  serum  are  in 
good  accord  with  the  data  obtained  by  the  much  less  laborious 
refractometric  method.  The  individual  variations  in  the  ratio  of 
globulin  to  albumin  which  are  recorded  by  Hammarsten  and 
Inagaki  are,  however^  large — much  too  large  it  would  appear  to  be 
attributed  to  experimental  errors  in  the  determinations.  It  oc- 
curred to  me,  however,  that  these  variations  might  in  large  part  be 
attributable  to  the  presence  in  the  blood  of  varying  quantities  of 
protein  absorbed  from  the  intestinal  tract,  and  the  possibility 
suggested  itself  that  the  relative  proportions  of  the  serum  proteins 
in  a  fasting  animal  might  be  less  subject  to  individual  Variation 
and  more  typical  of  the  animal  species  imder  investigation.  Ac- 
cordingly, a  number  of  determinations,  similar  to  the  above,  were 
carried  out,  the  rabbits  employed,  however,  being  animals  which 
had  fasted,  with  free  access  to  water,  for  a  period  of  five  days 
preceding  bleeding.    The  following  were  the  results  obtained: 

1*  O.  Hanmiarsten:  Arch,f.  d.  ges.  Physiol. ^  xvii,  p.  459,  1878. 
*»  C.  Inagaki:  Zeilschr.  f.  Biol.,  xlix,  p.  77,  1907. 
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Table  4.    Fasting  rabbits. 


RABBIT  NUMBEB 


"insoluble" 
olobvlin 


per  cent 

1  (Gray) ] 

2(Gray) 

3  (Gray) 0.21  =*=  0.04 

4  (Black) p. 21  ^  0.04 

5  (Gray) 0.24  =*=  0.04 

6  (Gray 0.24  ±  0.04 

7  (longhaired  albino  )  ^.24  ^^  0.04 

1 

Average 0.23  =*=  0.04 


TOTAL 
GLOBULINS 


per  cent 


1.2 
1.4 
1.3 
1.2 
1.3 
1.2 
1.3 


0.15 
0.15 
0.15 
0.15 
0.15 
0.15 
0.15 


1.3  ±  0.15 


TOTAL 
ALBUMINS 


per  cent 


6.8 
7.2 
6.2 
6.8 
5.6 
6.2 
6.0 


0.2 
0.2 
0.2 
0.2 
0.2 
0.2 
0.2 


6.4  :*=  0.2 


TOTAL 
PBOTBINS 

per  cent 
8.0   =*=  0.2 

8.6  =fc  0.2 
7.5  *  0.2 
8.0  =fc  0.2 
6.9  ^  0.2 
7.4  =*=  0.2 
7.3  :^  0.2 

7.7  =*=  0.2 


Expressing  each  of  the  above  mentioned  proteins  or  groups  of 
proteins  in  terms  of  the  percentage  of  the  total  proteins  which 
they  represent,  these  results  for  fasting  rabbit's  serum  may  be 
sunomarized  as  follows: 


"  Insoluble"  globulins 3 


Total  globulins. 


Total  albumins 83 


(^  0.4) 


(=*=  2) 


(^  2) 


From  these  results  we  perceive: 

(1)  That  the  percentage  of  total  proteins  in  sera  derived  from 
different  fasting  individuals  is  highly  variable,  a  fact  which  is 
readily  understood  when  we  reflect  that  the  animals  were  allowed 
free  access  to  water. 

(2)  That  the  relative  proportions  of  the  different  proteins  in 
the  sera  of  fasting  animals  are  constant  within  the  limits  of  the 
experimental  error  of  the  determination. 

(3)  That  during  starvation  the  total  protein  content  of  the  blood 
serum  increases  (compare  tables  3  and  4). 

(4)  That  during  starvation  the  percentage  of  globulins  in  the 
blood  serum  diminishes. 

(5)  That,  consequently,  during  starvation  the  proportion  of 
albumins  to  globulins  undergoes  a  marked  increase. 
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H.  T.  Krieger,22  however,  emplojdng  rabbits,  obtains  the  same 
result  as  I,  namely,  a  decrease  in  the  proportion  of  globulins  to 
albiunins  during  starvation.  It  appears,  therefore,  that  the  direc- 
tion in  which  this  ratio  alters  during  starvation  varies  with  the 
species,  possibly  with  the  nature  of  the  normal  dietary  of  the  ani- 
mal. As  we  shall  see,  my  results  obtained  with  the  sera  of  normal 
and  of  fasting  rats  confirm  this  view. 

D.  Results  obtained  with  rat  serum. 

Twelve  normal  (that  is,  fully  fed)  adult  albino  rats  were  ether- 
ized and  bled  by  cutting  the  throat.  The  blood  of  all  of  the  ani- 
mals was  caught  in  the  same  Erlenmeyer  flask  containing  glass 
beads  and  defibrinated  by  shaking.  It  was  then  immediately 
centrifuged,  and  the  clear  serum  pipetted  off  and  analyzed.  The 
following  were  the  results  obtained: 

Table  5.    Normal  rats. 

per  cent. 

^'Insoluble''  globulin 0.48  *  0.04 

Total  globulin 1.7  =»=  0.15 

Total  albumins 4.8  =*=  0.2 

Total  proteins 6.5  =*=  0.2 

Expressing  the  above  results,  as  in  previous  cases,  in  terms  of 
percentages  of  the  total  proteins,  we  obtain  for  normal  rat  serum : 

"Insoluble"  globulin ^ 7.4  (=*=  0.4) 

Total  globulin 26     (=t  2) 

Total  Albumins 74     (=»=  2) 

Similar  determinations  were  carried  out  upon  the  senmi  of  fast- 
ing rats.  Eighty  animals  were  fasted  for  thirty-six  hours.^  They 
were  bled  in  batches  of  forty  into  two  separate  Erlenmeyers,  the 
blood  being  defibrinated  with  glass  beads  and  then  centrifuged  as 
before.    The  following  were  the  results  obtained: 

"H.  T.  Krieger:  Inaugural  Dissertations  Strassburg,  1899,  cited  after 
^dj/s  Jahresbericht  f.  Tierchem.,  1899,  p.  14. 

"  It  is  impossible  to  fast  rats  much  longer  than  this  without  inducing 
pathological  symptoms.  After  sixty  hours  they  die  of  hunger  or  else,  if 
kept  together,  commence  devouring  each  other. 
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Table  6.    Foaling  rats. 

BATCH  I.  BATCH  2. 

per  cent.  per  cent. 

" Insoluble"  globulin 0.55  =»=  0.04  0.55  *  0.04 

Total  globulins 2.6  =»=  0.15  2.7     ±  0.15 

Total  albumins 4.8  ±0.2  4.8    =*=  0.2 

Total  proteins 7.4  =»=  0.2  7.5     =*=  0.2 

Whence  we  may  conclude: 

(1)  That  in  rats,  as  in  rabbits  and  dogs,  starvation  leads  to 
an  increase  in  the  protein  content  of  the  blood  serum. 

(2)  That  in  rats,  as  in  dogs,  the  effect  of  starvation  upon  the 
ratio  of  globulin  to  albumin  is  contrary  to  its  effect  upon  this  ratio 
in  rabbits,  that  is  to  say,  the  proportion  of  globulins  to  albumins 
incredses. 

Expressing  the  above  results,  as  in  previous  cases,  in  terms  of 
percentages  of  the  total  proteins,  we  obtain  for  fasting  rat's  serum: 

-''Insoluble"  globulin 7.4  (=»=  0.4) 

Total  globulins 36      {^  2) 

Total  albumins 54      (*  2) 

II.    DISCUSSION  OF  THE  RESULTS. 

Summarizing  the  results  enumerated  above,  obtained  with 
fasting  animals,  and  comparing  them  with  the  results  previously- 
obtained  with  the  serum  of  fasting  oxen,  we  obtain  the  following 
table  in  which  the  results  are  expressed  as  percentages  of  totAl 
protein:  , 

Table  7.    Fasting  animals. 

SPCCIKB  I  i'f^hy.^vr*  TOTAL  GLOBULINS  TOTAL  ALB  CM  INS 

GLOBULIN  I 

Albinorat 7.4  (±0.4)  36(=»=2)  64(=t2) 

Ox 8.9  (±0.4)  36  (=»=  2)  64  (=t  2) 

Horse l  4.2  (±0.4)  |      43  (±  2)  ^      57  (±2) 

I  I  I 


Assuming  that  the  divergence  between  my  results  for  horse  and 
ox  sera  and  those  of  previous  observers,  alluded  to  above,  is  due 
to  the  fact  that  I  employed  the  sera  of  fasting  animals,  while  others 
have  employed  the  sera  of  fully  fed  animals,  we  may  construct 
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a  similar  tabular  comparison  of  the  sera  of  "normal/'  i.e.,  fully 
fed  animals,  as  follows: 

Table  8.    Normal  animals. 


SPECIES 


"insoluble" 
qlobuliks 


TOTAL  GLOBULINS 


Albino  rat  (Robertson) ...  J    7 . 4  ( =*=  0.4)        26  ( =*=  2) 


R&bbit  (Robertson) 


Rabbit  (Hammarsten). 

Rabbit  (Inagaki) 

Ox  (Hammarsten*)  . . . 


5.2(:*=0.4) 


Horse  (Hanmiarstenf) 
Horse  (Lewinskit) 


6} 

{S} 


(*2) 


29 


29 


58 


63 


TOTAL  ALBUMINS 


74  (*  2) 


2) 


42 


37 


*  DetermtnaUons  made  upon  four  Indlviduala:  the  fifth,  alluded  to  above  (Section  B).  In 
whleh  the  albumins  were  present  In  excess  of  the  globulins  4s  omitted. 
t  Determinations  made  upon  ten  individuals. 
t  Determinations  made  upon  four  Individuals. 

A  comparison  of  these  tables  enables  us  to  draw  the  following 
inferences: 

(1)  In  the  rabbit,  ox  and  horse,  which  are  herbivorous  animals, 
starvation  leads  to  an  increase  in  the  proportion  of  albumins  to 
globulins  in  serum,  while  in  the  rat,  which  is  omnivorous,  and  (cf. 
above)  in  the  dog,  which  is  carnivorous,  starvation  leads  to  an 
increase  in  the  proportion  of  globulins  to  albumins  in  the  serum. 
These  facts,  although  as  yet  insufficiently  extended  to  afford  a  safe 
basis  for  generalization,  suggest  rather  forcibly  the  view  that  the 
effect  of  starvation  upon  the  ratio  of  globulin  to  albumin  in  manmia- 
lian  blood  sera  is  correlated  with  the  nature  of  the  normal  dietary 
and,  conversely,  that  the  nature  of  the  normal  dietary  is  determined 
by  the  composition  of  the  blood  and  the  needs  of  the  tissues  no  less 
than  by  the  character  of  the  alimentary  canal.  If  this  be  indeed 
the  case  then  the  effect  of  starvation  upon  the  rats  employed  in 
my  investigations  is  very  sm-prising  in  view  of  the  fact  that  they 
had  been  fed  for  many  weeks  preceding  the  analyses  upon  a  purely 
vegetable  diet,  to  wit,  crushed  barley. 
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that  protein  of  the  former  character,  derived  from  the  alimentary 
canal  and  in  process  of  being  carried  to  the  tissues  by  the  blood 
stream,  does  not  form  an  integral  part  of  the  specific  serum-protein 
complex  to  which  I  have  referred.  In  fully  fed  animals  such  "cir- 
culating protein"  would  be  present  in  the  blood  in  maximum  con- 
centration, while  in  the  blood  of  fasting  animals,  in  accordance 
with  the  metabolic  "law  of  minimiun,"  we  should  expect  "circu- 
lating" readily  catabolized  protein  to  be  present  in  minimum  con- 
centration. 

III.   SUMMARY. 

The  quantities  of  "insoluble"  globulin,  total  globulin  and  total 
albumin  contained  in  the  sera  of  the  normal  (fully  fed)  rat  and 
rabbit  and  of  the  fasting  horse,  rat  and  rabbit  have  been  deter- 
mined by  a  refractometric  method  described  in  a  previous  com- 
munication. During  the  course  of  this  investigation  the  following 
conclusions  were  reached: 

(1)  The  refractometric  method  of  analysis  yields  results  (with 
the  rabbit)  which  closely  agree  with  those  obtained  by  previous 
observers,  employing  other  methods  of  analysis. 

(2)  Horse  serum  does  not  contain  preformed  crystallizable  albu- 
min to  the  extent  of  more  than  40  per  cent  of  the  total  albumins. 

(3)  The  refractometric  method  cannot  be  employed  to  deter- 
mine more  precisely  than  this  the  quantity  of  crystallizable  albu- 
mins contained  in  sera. 

(4)  Provided  not  over  40  per  cent  of  the  albumins  are  of  the 
crystallizable  variety,  no  appreciable  error  is  introduced  into  the 
refractometric  determinations  of  the  total  albumins  and  total  pro- 
teins in  sera  by  assuming  that  all  of  the  albumins  present  have  the 
refractivity  of  amorphous  serum  albumin,  to  wit,  0.00177  per 
gram  per  100  cc.  of  solvent. 

(5)  The  relative  proportion  in  which  the  above  mentioned  three 
groups  of  proteins  are  present  in  the  serum  of  fully  fed  animals  is 
subject  to  rather  high  individual  variations;  the  average  values 
are,  however,  characteristic  of  the  species  from  which  the  serum  is 
derived. 

(6)  The  percentage  of  total  proteins  in  sera  derived  from  differ- 
ent fasting  individuals  (with  free  access  to  water)  is  highly  vari- 
able. 

nU  JOURNAL  OP  BIOLOGICAL  CHEMISTRY,  VOL.   XIII,    No.   3, 
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(7)  The  relative  proportions  in  which  the  above  mentioned  three 
groups  of  proteins  are  present  in  the  sera  of  fasting  animals  of 
the  same  species  (rabbits)  is  constant  within  the  limits  of  the  exper- 
imental error  of  the  determination. 

(8)  During  starvation,  the  total  protein  content  of  the  blood- 
serum  rises. 

(9)  In  the  rabbit,  ox  and  horse  starvation  leads  to  an  increase 
in  the  proportion  of  albumins  to  globulins  in  the  serum,  while  in 
the  rat  and  in  the  dog  starvation  leads  to  an  increase  in  the  jm'o- 
portion  of  globulins  to  albumins  in  the  serum. 


PUTREFACTION  WITH    SPECIAL  REFERENCE    TO   THE 

PROTEUS    GROUP. 

By  LEO  F.  RETTGER  and  CLYDE  R.  NEWELL. 
{From  the  Sheffield  Laboratory  of  Bacteriology  and  Hygiene,  Yale  University.) 

(Received  for  publication,  October  15,  1912.) 

The  subject  of  putrefaction  has  caused  much  confusion  in  the 
minds  of  different  investigators.  Most  of  the  definitions  of  the 
term  putrefaction  which  may  be  found  in  text-books,  dictionaries, 
etc.,  are  so  vague  and  in  many  instances  contradictory  that  little 
information  may  be  gained  from  them.  Some  authors  regard 
all  bacterial  decompositions  of  organic  matter,  particularly  pro- 
teins, carbohydrates  and  fats,  as  putrefactive  changes.  Others 
would  limit  the  action  to  proteins  alone  without  special  refer- 
ence to  the  actual  nature  of  the  decomposition  or  to  the  products. 
Others,  again,  would  restrict  the  meaning  so  as  to  include  only 
those  processes  of  protein  disintegration  which  give  rise  to  foul- 
smelling  products. 

In  previous  publications*  one  of  us  accepted  the  last-mentioned 
view,  namely,  that  of  Bienstock'  and  numerous  other  investi- 
gators. Since  then  there  has  been  no  occasion  to  depart  from 
that  view.  It  may  be  said  that  there  is  no  word  in  the  English 
language  which  conveys  exactly  the  meaning  that  the  word  "Faul- 
niss"  does;  yet  the  term  "putrefaction"  is  of  practically  the  same 
significance.  It  is  derived  from  the  Latin  "piutrere,''  meaning 
"to  be  rotten,"  and  hence  may  be  defined  literally  as  a  process 
of  rotting  or  offensive  decay. 

There  is  no  very  serious  objection  to  giving  the  word  putre- 
faction the  ifaore  popular  meaning  which  is  so  generally  applied 
to  it,  as  a  matter  of  convenience,  but  in  its  scientific  application 
its  meaning  should  be  more  specific  or  restricted.    Putrefaction 

*  Rettger:  this  Journal,  ii,  p.  71,  1906;  ibid.,  iv,  p.  45,  1908. 
^Bienstock:  Arch.  f.  Hyg.,  xxxvi,  p.  335,  1899;  ibid.,  xxxix,  p.  390,  1901. 
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may  be  defined,  therefore,  as  a  particular  process  of  protein 
decomposition  which  is  brought  about  through  the  agency  of 
bacteria  with  the  evolution  of  foul-smelling  products  which  are 
characteristic  of  ordinary  cadaveric  decomposition.  It  should 
be  stated  that  mercaptan  is  of  particular  significance  and  that  in- 
dole, skatole  and  hydrogen  sulphide  are  of  l^s  importance. 

Pasteur  was  the  first  to  point  out  that  putrefaction  is  essenti- 
ally an  anaerobic  process.  This  view  has  since  been  held  by  many 
investigators.  Certain  writers  have  in  recent  years  attempted 
to  overthrow  the  conception  of  Pasteur,  however.  Whether  the 
newer  contentions  are  based  on  sufficient  experimental  evidence 
may  be  regarded  by  many  as  an  open  question. 

In  a  previous  paper*  it  was  claimed  that  only  certain  obligate 
anaerobes  are  able  to  initiate  and  carry  on  the  decomposition  of 
native  proteins  in  the  absence  of  atmospheric  oxygen.  Bacillus 
putrificus,  B,  edematis  maltgni  and  B.  anthrads  symptamaUd 
were  mentioned  as  the  best  examples.  B.  tetani  does  not  have  a 
place  in  this  group.  B,  aerogenes  capsulatus  (Welch)  has  only  a 
limited  if ,  in  fact,  any  proteolytic  action.  All  of  the  facultative 
anaerobes  that  were  tried  were  found  to  lack  this  power.  At 
least  thirty  different  organisms,  including  Proteus  wJgariSj  were 
subjected  to  the  test.  The  results  were  in  perfect  harmony  with 
those  which  Bienstock^  obtained  in  his  extensive  work  on  putre- 
faction. 

During  the  past  two  years  we  have  repeated  some  of  the  earlier 
experiments,  and  particularly  those  bearing  on  the  proteus  group. 
As  a  preliminary  p^  of  the  investigation,  we  sent  personal 
requests  to  at  least  twenty-five  different  bacteriological  labora- 
tories for  culture  tubes  of  members  of  the  proteus  group  of  bacilli. 
We  were  liberally  supplied  with  cultures  from  many  sources, 
including  four  strains  from  the  Pasteur  Institute  of  Paris  (Pro- 
fessor Metchnikoff's  laboratory).  Of  the  tubes  received,  twelve 
were  labeled  Proteus  vulgaris^  three,  P.  mirabilis,  two,  P.  zenkeri, 
one,  P.  hominis  and  one,  P.  versicolor.  Furthermore,  there  were 
tubes  bearing  the  numbers  370,  372,  374  (1)  and  374  (2)  and 
four  cultures  from  the  Pasteur  Institute  labeled  Proteus  a,  b,  c 
and  d. 

*Rettger:  this  Journal,  ii,  p.  71,  1906. 
*Bienstock:  loc.  cil. 
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All  of  the  strains  were  put  through  the  most  important  cul- 
tural and  microscopic  tests  in  order  to  satisfy  ourselves  that  we 
were  in  each  case  working  with  a  member  of  the  so-called  proteus 
group  and  with  uncontaminated  cultures.  The  putrefaction  tests 
were  usually  made  in  the  egg-meat  medium*  which  has  for  sev- 
eral years  been  employed  in  this  laboratory.  Tubes  of  blood 
fibrin  suspended  in  bouillon  and  in  Uschinsky  medium  were 
employed  also.  The  egg-meat  mediima  was  used  in  preference 
to  others  because  of  the  ease  with  which  it  is  prepared  and  the 
satisfactory  results  which  have  been  obtained  with  it. 

All  of  the  tests  were  made  in  large  test  tubes.  Anaerobiosis 
was  induced  by  means  of  the  alkali-pyrogallic  acid  mixture,  by 
the  Buchner  and  the  Wright  methods.  As  checks,  putrefaction 
tests  were  mad^  with  B.  putrificus,  B.  edematis  maligni  and  B, 
anihracis  symptomatici.  Positive  putrefaction  results  were  ob- 
tained with  these  organisms  in  every  instance;  that  is,  on  opening 
the  tubes  the  characteristic  odor  of  putrefaction  was  given  off 
and  the  solid  matter  (egg  white  and  meat)  was  rapidly  reduced 
in  volume. 

With  the  various  members  of  the  proteus  group  the  results 
were  entirely  different.  Not  one  of  the  twenty-six  strains  which 
were  used  in  this  investigation  gave  us  the  slightest  indication 
that  it  possessed  the  ability  to  initiate  and  bring  about  any  visi- 
ble change  in  the  character  of  the  protein  material,  when  grown 
under  anaerobic  conditions.  There  was  no  visible  reduction  in 
the  volume  of  the  solid  matter  nor  the  least  odor  of  putrefaction 
when  perfectly  clean  rubber  stoppers  were  employed  in  sealing 
the  tubes.  In  a  very  few  instances  a  slight  odor  of  putrefaction 
was  perceived,  but  this  was  found  to  be  due  to  stoppers  which 
had  been  used  in  positive  putrefaction  tests.  On  removing  the 
stopper  and  cotton  plug,  and  after  thorough  cleansing  of  the 
mouth  of  the  tube,  the  odor  disappeared. 

Tubes  were  left  in  the  incubator.  (ST.S^'C.)  for  at  least  a  week; 
often  for  two  or  three  weeks.  They  were  also  kept  at  ordinary 
room  temperature  for  similar  periods.  Before  incubation  at  the 
higher  temperature  the  tubes  were  kept  comparatively  cool 
(8-10*')  for  from  twenty-four  to  thirty-six  hours  in  order  to 

'Rettger:  this  Journal,  ii,  p.  71,  1906. 
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allow  the  oxygen  to  be  absorbed  before  any  aerobic  bacterial 
action  could  take  place.  All  of  the  tests  were  duplicated  and 
duplicate  examinations  of  each  organism  were  made  at  least  three 
or  four  times. 

Rigid  microscopic  examinations  were  always  made  of  the  con- 
tents of  the  proteus-inoculated  tubes  and,  whenever  there  was 
any  question  of  contamination,  cultural  tests  were  made.  The 
organisms  used  in  the  inoculation  were  always  detects  with 
ease  and  their  numbers  indicated  that  considerable  multiplica- 
tion had  taken  place.  The  growths  were  made  possible  by  the 
presence  of  non-protein  nitrogenous  substances  and  not  by  the 
proteins. 

Besides  the  anaerobic  tests  niunerous  examinations  were  made 
under  aerobic  conditions.  In  so  far  as  actual .  putrefaction  is 
concerned,  the  results  were  again  all  negative.  Proteus  zenkeri 
has  no  visible  disintegrating  action  whatever.  P.  mirabilis  like- 
wise has  none  or,  at  the  most,  very  little  when  grown  under  aerobic 
conditions.  On  the  other  hand,  P.  vulgaris  possesses  the  ability 
to  attack  and  to  a  certain  extent  decompose  the  egg-meat  pro- 
teins and  blood  fibrin.  Such  action  is,  however,  very  slow  and 
is  dependent  on  an  ample  supply  of  atmospheric  oxygen.  In 
such  decomposition  of  protein  there  are  a  number  of  well-known 
bacterial  decomposition  products  as  indole,  amines,  amino-acids, 
hydrogen  sulphide-,  etc.,  but  these  are  not  the  products  of  real 
putrefaction,  in  the  sense  in  which  we  use  the  term,  and  the  odor 
given  off  from  the  P.  vulgaris  tubes  is  not  that  which  is  so 
characteristic  of  putrefactive  changes,  as  illustrated  in  the  action 
of  B,  putrificus. 

Many  of  the  conmion  aerobes  and  facultative  anaerobes  are 
known  to  have  definite  proteolytic  action  on  egg  albumin,  serum 
albumin,  etc.,  when  in  contact  with  free  oxygen.  This  is  demon- 
strated easily  on  ordinary  blood  serum  or  egg  white  when  they 
have  been  coagulated  by  heat,  and  we  need  not  seek  any  further 
for  organisms  than  B,  subtilts,  B,  prodigiosusy  B,  pyocyaneuSy 
etc.  Furthermore,  indole  and  hydrogen  sulphide  are  very  com- 
mon protein  decomposition  products,  and  are  not  indicators  of 
real  putrefaction.  The  results  are  quite  different,  however,  when 
oxygen  is  excluded,  as  we  have  so  frequently  observed. 
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We  are  forced  to  disagree,  therefore,  with  Tissier  and  Martelly,* 
who  claim  that  Proteus  vulgaris  exerts  a  putrefactive  influence 
on  proteins.  When  inoculated  by  them  into  Uschinsky-Fraenkel 
medium  containing  blood  fibrin  the  organism  caused  the  medium 
to  become  clouded  in  twenty-four  hours  and,  according  to  them,  a 
fetid  odor  was  given  off  in  the  course  of  two  days.  The  fibrin 
was  attacked.  At  the  end  of  fifteen  days  the  action  seemed  to 
be  arrested.  On  analysis  they  found  indole,  phenol,  amines,  leu- 
cine, acetic,  formic,  butyric  and  valerianic  acids  and  hydrogen 
sulphide.  No  mention  is  made  of  mercaptan  or  the  aromatic 
oxy-acids.  In  its  action  on  proteoses  the  organism  produced  the 
same  products. 

They  succeeded  in  isolating  an  enzyme  which  acts  in  neutral, 
alkaline  or  slightly  acid  solution,  but  which  is  much  less  active 
than  that  of  the  anaerobes  studied.  They  found  P.  zenkeri 
associated  with  P.  vulgaris  in  spontaneous  putrefaction  mixtures, 
but  were  unable  to  demonstrate  the  presence  of  a  proteolytic 
enzyme  in  cultures  of  P.  zenkeri.  This  organism  was  unable 
to  attack  native  proteins. 

We  have  no  conmients  to  make  on  the  question  as  to  whether 
the  action  of  P.  vulgaris  on  the  blood  fibrin,  as  observed  by  Tissier 
and  Martelly,  was  one  of  real  putrefaction,  in  the  sense  that  we 
use  the  term.  Their  observations  were  made  on  a  very  limited 
number  of  strains  of  P.  vulgaris,  if  indeed  more  than  one.  On 
the  other  hand,  at  least  eighteen  different  strains  of  the  organism 
were  tested  by  us,  and  in  every  instance  with  negative  results. 

Basing  his  conclusions  largely  on  the  observations  of  Tissier 
and  Martelly,  Metchnikoff^  holds  to  the  view  that  putrefaction 
may  be  induced  by  certain  aerobes. 

TJie  putrefactive  anaerobes  and  certain  members  of  the  pro- 
teus  group  are  frequently  associated  with  each  other.  While 
they  appear  to  be  present  but  rarely  in  the  normal  intestines  of 
man,  they  are  found  side  by  side  in  the  spontaneous  decomposi- 
tion of  protein-containing  substances,  like  meat,  humus,  etc.  The 
two  groups  assimie  different  r61es  in  the  processes  of  disintegration 
of  protein  and  in  putrefaction.  Together  with  other  organisms 
which  are  essentially  aerobic,  the  P.  vulgaris  exerts  an  early  dis- 

*  Tissier  and  Martelly;  Ann.  de  VInst.  Pasteur,  xvi,  p.  865,  1902. 
'Metchnikoff;  ibid,,  xxii,  p.  928,  1908. 
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.^fauon  action,  during  the  process  of  which  free  oxygen  is 

,^a^,eu  from  the  medium,  whereby  the  putrefying  anaerobes 

.-    ttrtbled  to  cany  on  the  process  of  real  putrefaction.     The 

■t^ug.  of  P.  mdgaris  in  putrefaction  mixtures  is  not  a  necessary 

.uc^iion  that  it  has  played  a  part  in  the  putrefaction,  as  has  been 

^^j^uuMd  by  many  ever  since  the  discovery  of  the  organism  by 

tduber.    According  to  Tissier,*  B.  proteus  vulgaris  rapidly  de- 

Mjwjyti^  the  intermediate  cleavage  products  of  proteins.     In  this 

\%«jiy  it  is  undoubtedly  an  important  aid  in  the  complete  disin- 

'.vijE^ioa  of  proteins. 

I^Urt^adion  is  the  work  of  certain  obligate  anaerobes.  If  such 
i  function  is  assumed  by  any  other  organisms,  as  Tissier  and 
MtiTtvlly  claim,  it  is  rare  and  of  little  significance. 


•TiMier:  Ann.  de  VInsL  Pasteur,  xxvi,  p.  522,  1912. 
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The  demonstration  of  the  occurrence  of  pyriinidine  derivatives 
as  constituents  of  the  nucleic  acid  molecule  has  awakened  a  wide 
interest  in  the  physiological  behavior  of  the  pyrimidine  ring.  The. 
possible  biochemical  significance  of  this  group  is  attested  by  its 
structural  relationship  to  the  purines,  creatinine,  allantoin  and 
other  physiologically  important  compounds.  Although  hydantoin 
and  its  derivatives  have  not  yet  been  found  present  as  constitu- 
ents of  any  tissues  of  the  body,  the  behavior  of  the  hydantoin 
nucleus,  a  structure  similar  to  the  pyrimidine  grouping  but  contain- 
ing one  less  carbon  atom,  deserves  consideration  in  connection 
with  intermediary  metabolism. 


N— C 


N— C 


C    C 


C 


N— C 
Pyrimidine  nucleus. 


N— C 
Hydantoin  nucleus. 


The  close  relationship  between  hydantoin,  allantoin,  creatinine, 
purine  and  imidazole  may  be  seen  by  a  comparison  of  their  struc- 
tural formulae. 


NH— CO     NH-<:0    NH, 
I 

c=o 


NH — CO     NH— CH  N^ 


C=0      C=NH 


CH 


C=0 

I 

NH--CH,   NH— CH— NH     (CH8)N— CH^   N— CH    N 

Hydantoin.      Allantoin.  Creatinine.    Imidazole. 
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the  ethyl  ester  of  hydantoic  acid,  introduced  in  different  ways 
into  the  organism  of  various  species.  The  hydantoic  acid  ester 
was  prepared  from  glycocoll  ester  hydrochloride  and  potassium 
cyanate,  according  to  the  method  of  Harries  and  Weiss.^  On 
evaporating  the  ester  to  dryness  with  concentrated  hydrochloric 
acid,  it  is  converted  to  the  hydantoin.  The  latter  is  then  purified 
bv  recrvstallization  from  absolute  alcohol. 

NH— CO 

I 
NH2  •  CO  •  NH  •  CH,  •  COOC2H,       ->        C  -  O 


NH— CH2 
Ethyl  ester  of  hydantoic  acid  Hydantoin 

Analysis  (Kjeldahl  nitrogen  determination)  of  the  hydantoin  prepared 
gave  the  following  result: 

Calculated  for 
CaHiNsOi:  Found: 

N 28.00  per  cent.         27.88  per  cent. 

For  the  identification  of  the  hydantoin  in  the  urine,  use  was 
made  of  the  insoluble  benzalhydantoin.  The  urine  was  acidified 
and  evaporated  to  small  volimie  on  a  water  bath,  decolorized 
with  animal  charcoal  and  evaporated  to  dryness.  The  product 
was  then  condensed  with  benzaldehyde  in  the  presence  of  glacial 
acetic  acid,  acetic  anhydride  and  dried  sodium  acetate,  as  de- 
scribed by  Wheeler  and  Hoffman.*  For  the  identification  of 
the  ester,  the  urine  was  evaporated  to  dryness  with  concentrated 
hydrochloric  acid  to  convert  the  ester  into  hydantoin,  and  the 
benial  derivative  was  prepared  as  before. 

The  anal3rtical  procedures  included  the  Kjeldahl-Gunning  meth- 
od for  nitrogen  and  Folin's  methods  for  urea  and  creatinine. 
Blank  experiments  with  hydantoin  showed  that  this  substance  is 
not  attacked  by  Folin's  urea  method.  .  ^ 

In  the  experiments  with  rabbits  the  bladder  was  emptied  by 
pressure  at  the  same  hour  daily.  The  substances,  when  fed,  were 
dissolved  in  water  and  introduced  through  a  gastric  sound.  In 
the  experiments  with  dogs  the  animals  were  catheterized  at  reg- 

'  Harries  and  Weiss:  Ber.  d.  deutsch.  chem.  Gesellach.,  xxxiii,  p.  3418,  1900. 
*  Wheeler  and  HoflFman:  Amer.  Chem.  Journ.,  xlv,  p.  368,  1911. 
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alar  twentr-Cour-lMiiir  intcrrak.    Here  the  sobsUinces  fed  were 
mixed  with  the  food. 


EJLnuuMEyrs  wtth  htdantoik. 


JMM.  /.  Diet,  300  grams  of  carrots  daOy.  This  was  com- 
plete cuuaumed  except  on  the  day  of  the  hydantoin  admhustra- 
tkm,  when  the  animal  ate  only  270  grams.  No  toxic  effects  of 
acay  Aort  were  noted.    The  protocol  follows: 


Rai>hit:  weight,  t^  kgma. 
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0  168 
0  144 
0  fflO 
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[1.5  gm.  hydantoio 
{     =0.42  gram  N\  in 
traperitoneally. 


About  0^  gram  of  benzalbydantoin,  aft«*  purification  by  re- 
crystallization  from  alcohol,  was  obtained  from  the  urine  of  the 
fourth  day.  The  benzalhydantoin  isolated  melted  at  217^  and 
when  mixed  with  a  pure  s\Tithetic  sample  did  not  alter  the  melting 
point  of  the  latter. 

No  increase  in  the  urea  +  ammonia  nitrogen  on  the  day  of  the 
injection  was  observed,  although  the  increase  in  the  elimination 
of  total  nitrogen  excreted  accounted  for  aU  the  nitrogen  admin- 
istered as  hydantoin.  This  fact,  together  with  the  identification 
of  hydantoin  in  the  urine,  indicates  that  hydantoin  is  unaltered 
in  its  passage  through  the  body. 

Another  experiment  with  the  same  animal  a  few  days  later, 
in  which  the  same  amount  of  hydantoin  was  administered  'per  oSj 
gave  similar  results. 

Rabbit.    //.     Diet,  300  grams  of  carrots.     On  the  day  on  which 
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the  hydantoin  was  fed,  the  animal  consumed  the  full  daily  ration. 
No  toxic  symptoms  of  any  sort  were  noted.    The  protocol  follows: 

Rabbit;  weight,  1.64  kgnis. 
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0.114 

2 
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1.018 
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0.066 

1.5  gm.  hydantoin 
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62.7 

0.342 

=  0.42   gram  N, 

5 

280 

1.019 
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0.166 

per  OS. 
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0.516 

86.0 

0.084 

■ 

7 

160 

1.025}  0.570 

0  474 

85 

M 

0.096 

From  the  urine  of  the  experimental  day  a  small  amount  of  ben- 
zalhydantoin  melting  at  218**  was  obtained. 

Dog,  A  female  was  fed  on  a  constant  daily  diet  of  200  grams  of 
lean  meat,  50  grams  of  lard,  30  grams  of  sugar,  5  grams  of  bone 
ash,  2  grams  of  salt  and  250  cc.  of  water  with  a  total  nitrogen 
content  of  6.84  grams.  The  hydantoin  was  dissolved  in  the  water 
of  the  diet.  The  animal  ate  eagerly  on  the  experimental  day  as 
at  other  times. 
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dantoin = 
0.7  gm.  N, 
with  food. 
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From  the  urine  of  the  experimental  day  3.3  grams  of  benxsd- 
hydantoin  were  obtained  corresponding  to  1.7  grams  of  hydantoin 
(  =  0.476  gram  N)  in  the  day's  urine.  This  was  purified  by  solu- 
tion in  potassimn  hydroxide  and  reprecipitation  with  acid. 

Cat.  A  cat  weighing  approximately  4  kgms.  received  3  grams 
of  hydantoin  mixed  with  raw  meat.  The  urine  of  the  next  twentj'- 
four  hours  was  collected  and  examined  for  the  presence  of  hydan- 
toin as  above.  The  benzalhydaritoin  obtained  melted  at  214^  and 
after  purification  weighed  1.7  grams. 

A  nitrogen  determination  (Kjeldahl)  on  the  mixed  products 
obtained  in  this  and  the  three  preceding  experiments  gaye  the 
following  results: 

Calculated  for 
CioH«NtOs:  Found: 

N 14.92  per  cent.  14.59  per  cent. 

In  all  our  experiments  the  recovery  of  the  administered  hydan- 
toin from  the  urine  leaves  no  doubt  as  to  its  absorption.  The 
increase  in  the  total  nitrogen  of  the  urine  on  the  experimental 
day  also  points  to  the  same  conclusion.  In  no  case  was  the  urea 
+  ammonia  nitrogen  output  increased,  the  difference  between 
the  total  and  urea  +  ammonia  nitrogen  nearly  always  approach- 
ing the  value  of  the  nitrogen  administered  as  hydantoin.  In 
the  rabbit  II,  there  was  observed  a  slight  lag,  part  of  the  hydantoin 
probably  being  eliminated  on  the  day  after  the  administration. 
No  effect  on  the  creatinine  eUmination  was  observed  in  the  dog. 

Hydantoin  appears  to  be  without  influence  on  nitrogenous  me- 
tabolism and  is  not  destroyed  or  changed  by  the  organism.    Xo 

NH— 


toxicity  attributable  to  the  group  C  =  O  as  alleged  by  Lusini  v^s 

I 

NH— 

observed. 

EXPERIMENTS   WITH   ETHYL  HYDANTOATE. 

In  order  to  ascertain  whether  the  inability  of  the  organism  to 
break  (^o^vn  hydantoin  was  due  to  the  cyclic  structure,  experiments 
were  conducted  with  the  ethyl  ester  of  hydantoic  acid.  This 
acid  is  converted  to  hvdantoin  with  the  loss  of  a  molecule  of  water 
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and  hesis  the  same  relation  to  hydantoin  that  creatine  bears  to 
creatinine. 

NH— CO 


XHjCONHCHsCOOH 


Hydantoic  acid 


C  =  0 


+  H2O 


NH— CH, 
Hydantoin 


Hydantoic  acid  may  also  be  considered  as  a  uramino  acid, 
ursmtiinoacetic  acid.  Koehne,^  working  with  the  ethyl  ester  of  the 
homologous  uraminoformic  or  allophanic  acid,  found  that  it  dis- 
appeared in  the  body. 

Rabbit  1,  Diet,  300  grams  of  carrots  daily.  On  the  exper- 
imental day  the  animal  showed  no  imusual  symptoms  and  resiuned 
eating  immediately  after  the  feeding  of  the  ester.  The  protocol 
follows: 

Rabbit;  weight,  1,7  kgms. 
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OS. 

From  the  urine  of  the  experimental  day,  benzalhydantoin  was 
prepared  in  the  usual  manner.  An  amount  equivalent  to  0.67 
gram  of  the  ester  (=  0.13  gram  N.)  was  obtained.  The  ben- 
zalhydantoin melted  at  218°  and  did  not  change  the  melting  point 
of  the  pure  synthetic  substance  when  mixed  with  it.  A  nitrogen 
(Kjeldahl)  determination  gave  the  following  results: 


X 


Calculated  for 
CieH«Ns0s: 

14.92  per  cent. 


Found: 
14.67  per  cent. 


'Koehne:  Inaugural  Dissertation,  Rostock,  1894,  p.  17. 
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Rabbii  2.  Diet,  300  grains  of  carrots  daily.  The  animal  ap- 
peared normal  on  the  day  of  the  injection  and  ate  as  usual. 
The  protocol  follows: 

Rabbit;  weighty  1.6  kgms. 
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RKMABKB 


1.5  grams  hydantoic  acid  es- 
ter =  0.286  gram  N,  sub- 
cutaneously. 


From  the  urine  of  the  experimental  day  a  smaU  wnount  of 
benzalhydantoin  was  prepared  which  melted  at  217**  and  did  not 
aflfect  the  melting  point  of  the  pure  synthetic  substance. 

Rabbit  3.  Diet,  300  grams  of  carrots  and  30  grams  of  oats 
daily.  On  the  day  of  the  injection  only  270  grams  of  carrots  were 
eaten.    No  abnormal  symptoms  were  noted. 

Rabbit;  weight,  B.34  kgms. 


From  the  urine  of  the  experimental  day  benzalhydantoin  was 
prepared  and  purified  by  solution  in  potassium  hydroxide  and 
reprecipitation  with  acid.     It  weighed  0.75  gram  =  0.68  gram  ester 
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in  the  day's  urine.    A  nitrogen  (Kjeldahl)  determination  gave 
file  following  results. 


Ckloulated  for 
CioHaNsOs: 

N 14.92  per  cent. 


Found: 
14.88  per  cent. 


Dog.  A  female  received  a  standard  daily  diet  (see  experiments 
on  hydantoin).  The  food  was  eaten  as  usual  on  the  experimental 
day. 

Dog  A;  weigJUy  12,6  kgms. 
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3  gm.  hydan- 
toic  acid  es- 
ter -  0.67 
gm.  N  in 
food. 

2  gm.  ester  = 
0.38  gm.  N 
in  food.  See 
note  in  the 
text. 


On  the  seventh  day  the  animal  received  a  second  dose  of  2  grams 
of  the  ester,  but  refused  to  eat  all  the  food.  The  animal  was 
stuffed,  and  some  material  was  lost.  Hence  the  urine  data  on 
that  day  cannot  be  compared  with  those  of  the  previous  days. 
Taken  as  an  isolated  experiment,  however,  the  results  of  the  seventh 
day  show  the  important  point  that  the  urea  +  ammonia  nitrogen 
does  not  maintain  its  fairly  uniform  proportion  as  on  other  dayE 
but  is  decreased,  indicating  excretion  of  nitrogen  in  some  form 
other  than  urea. 

Small  amoimts  of  benzalhydantoin  were  prepared  from  the 
urine  of  the  experimental  days.  The  material  was  darker  than 
that  obtained  in  previous  experiments  and  melted  at  210-212**. 
A  nitrogen  (Kjeldahl)  determination  gave  the  following  results: 


N. 


Calculated  for 
CioHtNaOs: 

14.92  per  cent. 


Found: 
14.41  per  cent. 
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35^  Behavior  oi  Hydantoia  Derivatives 

Ti^**  cxperimoiif  aH  iatSnt^  that  in  the  dog  and  tbe  r^bit 
tilt-  It  iirL:...:^'  aoi  est<r  if  a-:<  affnted  by  the  met&boUc  procesaee 
vi  '.1^  '^.'iy.  Xo  maibd  tuaraise  at  urea  and  ammonia  nitTogen 
»Ti*  '.c*'«rT*id-  A  i:yiiE:.:ia  <kn%aU\e  was  alwaj^  isolated  from 
til*  -zriz^,  bi-i-auaf  ibe  pcTgqi«  of  the  unaltered  snibstame 
*i:^^-*.«**L  The  creauiJae  ontpot  at  the  urine  was  not  affected. 
Tm  t*tt  flight  tnmafv  otscTTTd  in  the  OEperiments,  especiaU; 
whi  ra.-,-it  2,  may  b*  atroKisted  for  by  the  fact  that  the  estet 
Ti-tri:  icTf*  a  -lizt.!  «■-:*  wnh  Jaffe's  picric  acid  test  as  it  is  applied 
in  Uje  roi-jrinieter. 

1.  After  aiimini^trauoa  oc  hyiiuiioin.  the  compound  can  be 
recovered  from  the  urine  tn  the  iocm  of  an  insoluble  benxalby- 
d:ui:---tn.  Tti'?  method  b  not  qaactiiaUTe.  but  serves  to  idoitify 
tbe  m^t^rial. 

2.  No  toxic  eftectf  were  observed  to  follow  the  administratioo 
^  hydmUAn.    Tbi?  if  in  oppoifition  to  Luaini's  theory  of  tbe 

NH— 

toxi<;i-,y  of  C  =  O  iTOupe. 

XH— 

3.  Hyiint-'L'r  acia.  of  whit-h  hydantoin  b  tbe  cycBc  anhydride, 
b  no:  •i'Tftroytil  tn  metabolism  when  it  b  administered  as  tbe  etbyl 
ester,  til  r^an  liiiewiie  be  rei-overed  bv  fonning  tbe  insotnUe hea- 
lalhydanToin. 

4.  Th-?  fcyLiatoin  nucleus  is  not  destroyed  in  tbe  Mganism  cl 
the  cat.  nir'U  or  doe. 

These  !tuiie<  were  undertaken  at  the  i^uggestitm  of  Ppofessw 

l^ayette  B.  Xen.lel.    We  de^^ire  to  acknowledge  oar  indebtednen 

or  aid  in  the  syntbess  of  the  com- 


THE  RACEMIZATION  OF  PROTEINS  AND  THEIR  DERIVA- 
TIVES RESULTING  FROM  TAUTOMERIC  CHANGE. 

PART  I. 

By  H.  D.  DAKIN. 
{Prom  the  Herier  Labor aioryf  819  Madison  Avenue,  New  York.) 

(Received  for  publication  October  21, 1912.) 

The  writer  has  shown^  that  alkali  salts  derived  from  optically 
active  hydantoins  (III),  prepared  from  active  a-amino-acids  (I), 
undergo  spontaneious  racemization  at  room  temperature,  while 
the  uramido  acids  (II),  intermediate  products  in  the  preparation 
of  the  hydantoins,  like  the  amino-acids  themselves  undergo  no 
such  change. 

NH— CO—NH 


1 

NH— CO— NH, 

1 

1 
R— CH— COOH 

1 
R— CH— COOH 

I 

II 

R— CH CO 

III 

The  racemization  of  the  hydantoin  salts  was  ascribed  to  tauto- 
meric change  of  the  keto-enol  type,  represented  as  follows: 

NH— CO— NH  NH— CO— NH 


R— CH CO  R— C COH 

The  formation  of  salts  of  the  enol  type,  even  to  a  small  extent, 
would  necessarily  be  followed  by  racemization  since  the  asym- 
metry of  the  a-carbon  atom  is  abolished.  The  view  that  racemiza- 
tion was  due  to  the  formation  of  salts  of  the  enol  type  was  further 
confirmed  by  the  observation  that  d-methylethylhydantoin, 

NH— CO— NH 
CHs 


^C CO 

C2H/ 


*  Amer,Chem,  Joum.,  xliv,  p.  48,  1910. 
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358  The  Racemization  of  Proteins 

a  substance  in  which  no  labile  hydrogen  atom  is  present,  retained 
its  optical  activity  indefinitely  under  conditions  which  resulted 
in  complete  racemization  in  the  case  of  hydantoin  salts  capable  d 
keto-enol  isomerism. 

A  consideration  of  the  changes  involved  in  the  racemization  ct 
these  amino-acid  derivatives  led  to  the  belief  that  similar  trans- 
formations would  be  found  to  occur  in  the  proteins  and  polypq)- 
tides.^  For  while  salts  of  free  amino-acids  cannot  exhibit  keto- 
enol  isomerism,  the  opposite  may  be  true  of  certain  of  the  groups 
in  peptide  structures.  The  following  formulae  comparing  tiie 
hydantoin  and  peptide  groupings,  make  this  clear: 

NH— CX)— NH  NH-<;0— 

I  I  I 

R— CH CO  R— CH— CO— NH— CHR~COOH 

n  it 

NH— CO— NH  NH— CO— 

R--Cr^__rrr:CJOH  R— C=C  (OH)— NH— CHR-COOH 

Hydantoin.  Peptide  complex. 

A  consideration  of  the  above  formulae  would  indicate  that,  of 
the  two  amino-acid  groups  present  in  the  above  peptide  complex, 
only  the  one  containing  the  — CH — CO —  group  could  exhibit  keto- 
enol  tautomerism  and  hence  racemization ;  while  the  terminal  amino- 
acid  group  containing  a  free  carboxyl  group  would  be  unchanged. 

This  type  of  change  apparently  corresponds  closely  to  what 
takes  plfiuie  when  a  protein  is  digested  at  low  temperature  with 
dilute  alkali.  Kossel  and  Weiss  have  shown  that  proteins  as 
widely  diflferent  as  gelatin  and  clupeine  show  a  rapid  decline  in 
optical  activity  when  digested  at  low  temperatures  with  dilute 
alkali,  but  in  no  case  is  optical  activity  completely  abolished. 
Kossel  and  Weiss  further  show  that  on  hydrolyzing  the  racemised 
protamines  inactive  arginine  was  obtained,  while  gelatin  gave  a 
variety  of  products  from  which  on  hydrolysis  inactive  histidine, 
arginine,  ornithine  and  some  inactive  lysine  were  obtained.' 

•The  racemization  changes  described  in  this  paper  are  all  effected  at 
low  temperatures  and  have  nothing  in  common  with  the  racemization  of 
amino-acids,  etc.,  at  high  temperatures  when  heated  with  caustic  alkalies. 

»  Zeitschr.  f.  physiol.  Chem.,  lix,  p.  492,  1909;  Ix,  p.  311,  1909;  Ixviii,  p.  165, 
1910. 
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Kossel  and  Weiss  regard  the  phenomenon  essentially  as  one 
of  protein  racemization,  somewhat  complicated  by  simultaneous 
hydrolysis  due  to  the  action  of  the  alkali.  Moreover,  they  came 
to  the  conclusion  that  certain  amino-acid  groups,  e.g.,  arginine, 
undergo  racemization  much  more  readily  when  intramolecularly 
bound  than  when  free.  It  will  be  noticed  that  these  conclusions 
harmonize  excellently  with  the  writer's  hjrpothesis  and,  with  Profes- 
sor Kossel's  permission,  the  writer  is  attempting  to  obtain  further 
insight  into  the  mechanism  of  the  action  of  alkali  on  proteins. 

Preliminary  experiments  upon  the  action  of  dilute  alkali  on 
gelatin  show  that  certain  of  the  amino-acid  groups  are  readily 
and  completely  racemized,  while  others  retain  the  optical  activity 
unimpidred,  while  some  appear  to  occupy  an  intermediate  posi- 
tion. 

The  optical  properties  of  some  of  the  amino-acids  obtained  by 
hydrolyzing  the  products  resulting  from  the  action  of  caustic  soda 
upon  gelatin,  are  recorded  below. 

Four  himdred  gram  portions  of  moist  gelatin  were  dissolved  in 
4  liters  of  water  and  then  200  cc.  of  33  per  cent  caustic  soda  added. 
The  initial  rotation  was  approximately  — 13.5°  and  sank  to  —6.28° 
after  twenty-four  hours,  —3.39  after  four  days  and  finally  became 
practically  constant  at  —2.32°  after  fifteen  days.  The  mixture 
containmg  ammonia,  free  amino-acids,  peptones  and  protein  was 
completely  hydrolyzeS  with  acids  and  the  mono-amino-acids 
examined  by  Fischer's  ester  method,  while  the  bases  were  isolated 
by  the  methods  of  Kossel  and  Kutscher. 

Glycine  was  separated  as  the  ethyl  ester  hydrochloride.  The 
glycine  was,  of  course,  inactive.    Yield,  about  17.5  per  cent. 

Alanine  was  obtamed  in  the  form  of  mixtures  containing  from- 
25  to  60  per  cent  of  the  active  form,  the  balance  being  inactive. 
Although  some  racemization  takes  place  during  the  separation  of 
the  alanine,  the  proportion  of  inactive  substance  is  rather  high 
and  probably  indicates  some  racemization  prior  to  hydrolysis. 

Leucine.  Large  quantities  (about  1.5  per  cent)  of  pure  inactive 
leucme  were  readily  obtained  on  recrystallizing  the  "leucine  frac- 
tion." 
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Analysis:     0. 1458  gram  gave  0.2950  gram  Cd  and  0.1327  gram  H,0. 
0.1937  gram  gave  NHs  =  0.0209  gram  N. 

OalculAted  f  or 
Found:  aHuOtN: 

C 55.2  55.0 

H 10.1  9.9 

N 10.8  10.7 

All  of  the  leucine  that  was  obtained  in  a  satisfactorily  pure 
state  was  optically  inactive  in  both  aqueous  and  hydrochloric  acid 
solutions. 

A  portion  of  the  inactive  leucine  was  converted  into  a-uramido- 
isobutylacetic  acid  by  means  of  potassium  cyanate.  On  recrystal- 
lization  from  boiling  water  the  substance  was  obtained  in  the  form 
of  platelets,  m.p.,  203^-204°. 

The  mother  liquors  from  the  leucine  fractions  contained  some 
alanine  and  were  feebly  laevorotatory  in  aqueous  solution  and  dex- 
trorotatory in  hydrochloric  acid.  Other  amino-acids  were  appar- 
ently present. 

Proline,  A  yield  of  proline  was  obtained  about  one-half  larger 
than  that  recorded  by  Fischer,  Plimmer  and  Levene.  Its  rotation 
in  aqueous  solution  indicated  that  it  contained  about  21  per  cent 
of  the  laevo  variety.  Since  proUne  is  largely  racemized  in  the 
process  of  isolation,  it  is  probable  that  little  or  no  racemization 
occurred  before  hydrolysis. 

The  proline  was  characterized  by  conversion  into  the  copper 
salt  and  into  the  phenyl-hydantoin. 

Aspartic  acid.  The  aspartic  acid  isolated  in  the  usual  way  was 
completely  inactive.  The  yield  was  0.6  per  cent.  No  indications 
were  obtained  of  any  active  aspartic  acid. 

GlvJtamic  add  was  separated  as  hydrochloride.  Its  rotation 
indicated  that  no  racemization  had  occurred. 

Rotation:  a  =  +  3.92**;  /  =  2  dm.;  c  =  6.55. 


Phenylalanine  was  separated  as  hydrochloride.  A  2  per  cent 
solution  was  completely  inactive.  A  yield  of  slightly  over  1  per 
cent  was  obtained,  or  more  than  twice  that  previously  recorded. 
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Analysis:  0.1600  gram  gave  0.3845  gram  CO2  and  0.0986  gram  H2O. 

Calculated  for 
Found:  OHnOsN: 

C 65.5  65.5 

H 6.8  6.7 

Histidine  was  isolated  by  means  of  the  phosphotungstate,  silver 
compound  and  picrolonate.  A  3.5  per  cent  solution  of  the  base 
dissolved  in  hydrochloric  acid  showed  a  doubtful  rotation  of  —0.08° 
in  a  1  dm.  tube.    Racemization  was  evidently  practically  complete. 

Arginine  was  separated  according  to  KosseFs  methods  and  was 
inactive.  The  picrolonate  melted  at  241°-242°  and  contained 
25.4  per  cent  N.     (Theory  =  25.6.) 

Lysine  and  ornithine  were  precipitated  as  phosphotungstates 
after  the  removal  of  histidine  and  arginine.  The  bases  were 
converted  into  picrates  and  recrystallized  from  hot  water.  The 
less  soluble  lysine  picrate  was  readily  obtained  and  on  decom- 
position with  hydrochloric  acid,  gave  dextrorotatory  lysine  di- 
hydrochloride. 


Rotation:  a  =  +  2.60**;  I  =  2  dm.;  c  =  9.5. 

|20» 
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Discussion  of  results.  The  foregoing  experiments  show  that 
gelatin,  when  digested  with  dilute  alkali  and  subsequently  hydro- 
lyzed  with  adds,  yields  inactive  leucine,  aspartic  acid,  arginine, 
histidine  and  phenylalanine,  while  proline,  glutamic  acid  and 
lysine  are  obtained  in  the  optically  active  forms  together  with  part 
of  the  alanine.  It  is  certainly  a  striking  fact  that  substances  so 
dosely  allied  as  aspartic  and  glutamic  acids  or  lysine  and  arginine 
should  exhibit  such  diametrically  opposite  behavior. 

The  interpretation  of  these  results  is  necessarily  difficult.  But 
in  view  of  the  probability  of  racemization  being  due  to  keto-enol, 
tautomeric  change  taking  place  in  alkaline  solution,  and  since  such 
racemization  can  only  occur  in  amino-acid  groups  in  which  the 
carboxyl  group  attached  to  the  asjnnmetric  carbon  atom  is  in  union 
with  other  groups  (see  p.  358),  the  inference  appears  probable  that 
none  of  the  carboxyl  groups  in  leucine,  aspartic  acid,  arginine, 
histidine  or  phenylalanine  are  free  in  gelatin.  On  the  other  hand, 
smce  glutamic  acid  and  lysine  and  possibly  alanine  are  obtained  in 


3^2 


The  Racemizadon  of  Proteins 


actire  forms,  it  is  powBihlp  that  some  d  tbor  carbox3rl  groups  may 
be  free  or,  in  other  words,  that  they  may  occupy  t^minal  positioDB 
in  the  peptide  chains.  On  the  other  hand,  it  is  poseiUe  that  these 
aonio-Acids  are  rapkfly  liberated  in  the  free  state  by  the  hydrolytic 
aetiOB  of  the  alkafi  and  so  escape  racemization.  Furth^  work 
wffl  be  neceasary  to  dedde  this  point. 
Suiee  9m{^  dipeptides  containing  a  free  amino  group: 

R  -  CH-CO— XH .  CHR .  COOH 

I 


or  peptides  such  as  {Hohigiycine,  i4>paraitly  do  not  undergo  ready 
rafmiiuUicm  with  dihite  alkali  it  a|^>ears  likely  that  the  oondi- 
tioQs  neeeasary  for  racemiiation  of  an  amino-add  group  require 
the  attachment  of  other  groups  to  both  amino  and  carboxyi 
ndide. 

In  order  to  fully  ^uddate  the  mechanism  of  the  changes  involved 
in  the  action  d  dilute  alkali  cm  protdns,  much  additional  work  is 
needed  and  it  will  be  necessary  to  make  experiments  with  peptides 
of  known  structure.  It  would  appear  that  the  study  may  be  d 
service  in  throwing  sc»ne  light  on  the  relative  positions  of  some  of 
the  groups  in  protdn  and  peptide  ccHUidexes  and,  in  addition,  may 
famish  information  as  to  the  structure  d  protein  salts.  The  inves- 
tigation is  being  continued. 


A  NEW  METHOD  FOR  THE  (COLORIMETRIC)   DETER- 
MINATION OF  URIC  ACm  IN  URINE. 

Bt  otto  FOLIN  and  A.  B.  MACALLUM,  Jr. 
{From  the  Biochemical  Laboratory  of  the  Harvard  Medical  School,  Boiton.)   , 

(Received  for  publication,  October  26, 1912.) 

In  a  previous  number  of  this  Journal^  we  published  a  preliminary 
paper  on  the  color  produced  by  the  action  of  phosphotimgstic 
acid  on  uric  acid  and  certain  other  substances  and  we  outlined  a 
method  for  the  determination  of  uric  acid  by  means  of  that  color 
reaction.  Inasmuch  as  the  ordinary  method  If  or  preparing  phos- 
photungstic  add  solutions  for  this  reaction  (boiling  20  parts  of 
sodium  tungstate  with  10  parts  of  20  per  cent  phosphoric  acid)  gave 
reagents  which  had  little  or  no  action  on  uric  acid  solutions,  we 
began  to  suspect  that  the  active  ingredient  was  some  impurity, 
variable  amounts  of  which  might  be  present  in  the  sodium  tungstate. 
The  same  impurity  might  have  been  present  in  molybdenum  com- 
pounds since  phosphomolybdic  acid  also  gave  variable  and  not 
very  strong  color  reactions  with  uric  acid.  A  more  systematic 
investigation'  soon  showed  that  the  amoimt  of  active  material 
contained  in  the  phosphotungstic  and  phosphomolybdic  acid 
solutions  was  determined  by  the  conditions  under  which  the  solu- 
tions were  prepared  and  was  particularly  dependent  upon  the  pro- 
portion of  phosphoric  acid  used.  It  was  further  foimd  that  rea- 
gents containing  phosphomolybdic  acid  reacted  with  all  phenols 
as  well  as  with  uric  acid  while  the  phosphotungstic  acid  reagents 
gave  the  blue  color  only  with  polyphenols  and  with  uric  acid. 
This  point  of  difference  is  of  considerable  importance  in  respect  to 
a  colorimetric  determination  of  uric  acid  in  urine.  By  using  the 
phosphotungstic  acid  reagent  the  phenol  reaction  is  in  a  large 
measure  eliminated.    Our  "uric  acid  reagent"  accordingly  is  a 

*  This  Journal,  xi,  p.  265,  1912. 

*  Folin  and  Denis :  this  Journal f  xii,  p.  239,  1912. 
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phosphotungstic  acid  prepared  by  boiling  100  grams  of  sodium 
tungstate  with  80  cc.  of  85  per  cent  phosphoric  acid  and  750  cc.  ci 
water  for  a  couple  of  hours  and  then  diluting  to  1  liter. 

Since  the  publication  of  our  first  paper  E.  Riegler  has  published  a  paper  in 
the  Zeitaehrift  fUr  analylxsche  Chetnie^  in  which  he  describes  a  colorimetric 
method  for  the  determination  of  uric  acid  based  on  the  use  of  phosphcmio- 
lybdic  acid.  Although  Riegler's  new  method  is  quite  different  from  ours, 
it  would  seem  best  to  specifically  call  attention  here  to  the  fact  that  onr 
first  paper  on  the  subject  was  published  in  the  April  number  of  this  Journal 
and  a  second  paper  which  appeared  in  the  August  number  was  received  by 
the  Editor  of  the  Journal  on  June  29.  Riegler's  paper  appeared  in  the 
seventh  and  eighth  double  nimiber  of  the  above  mentioned  Zeitschrif t  which 
was  evidently  published  some  time  in  June  and  did  not  reach  us  until  July. 
Riegler  evidently  has  not  made  any  particular  study  of  the  color  reaction 
involved  or  of  the  conditions  under  which  the  maximum  color  can  be  ob- 
tained. He  uses  phosphomolybdic  acid  for  producing  the  blue  color,  and 
the  amount  of  color  which  he  obtains  from  a  given  quantity  of  uric  acid  is 
evidently  not  nearly  as  deep  as  the  color  which  we  secure,  since  his  standard 
color  is  that  given  by  1  mgm.  of  uric  acid  when  diluted  to  10  cc,  while  ours 
is  the  same  amount  of  uric  acid  diluted  to  100  cc.  The  color  which  we  obtain 
with  1  mgm.  of  uric  acid  by  means  of  our  reagent  would  be.  too  dark  to  trans- 
mit any  light  if  diluted  to  only  10  cc.  Yet  unlike  Riegler's  reagent,  ours 
gives  no  color  with  simple  phenols  or  with  protein  materials.  These  advan- 
tages are  of  course  the  result  of  our  having  prepared  phosphotungstic  acid 
reagents  specifically  with  reference  to  their  chromophoric  value,  while 
Riegler  uses  phosphomolybdic  acid  prepared  for  ordinary  precipitating 
purposes. 

• 

In  our  earlier  work  we  precipitated  the  uric  acid  in  urine  by  a 
modification  of  Salkowski's  silver  method  (using  silver  sulphate  in- 
stead of  nitrate  because  nitrates  interfere  with  the  color  reaction). 
The  precipitation,  washing,  etc.,  was  all  done  in  centrifugal  tubes 
and  the  final  blue  solutions  were  then  rinsed  into  volumetric  flasks 
and  made  up  to  volume  before  reading  ofif  the  color. 

After  we  had  obtained  a  reagent  which  did  not  react  with  pro- 
tein materials  or  other  monophenol  derivatives  we  hoped  to  be 
able  to  make  the  color  directly  on  the  urine  without  any  prelimi- 
nary treatment  whatever.  The  uric  acid  values  so  obtained  con- 
tinue however  to  be  high  as  compared  with  the  uric  acid  obtained 
by  the  older  methods,*  and  we  were  forced  to  recognize  the  fact 

» ZeiUchr.f.  anal.  Chem.,  li,  p.  466,  1912. 

*  For  exact  figures  indicating  the  errors  which  would  come  in  because  of 
these  polyphenol  derivatives,  see  column  4,  p.  369. 
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pointed  out  long  ago  by  Baumann  that  urines  contain  di-  and  poly- 
phenol acids  in  addition  to  the  more  abundant  monophenol  deriv- 
atives. Having  obtained  a  clear  idea  as  to  the  probable  nature  of 
the  substances  which  were  responsible  for  the  extra  color  produced 
by  the  uric  acid  reagent  in  urine,  we  have  now  worked  out  a  new 
method  for  the  determination  of  uric  acid  which  is  materially 
simpler  than  the  method  outlined  in  our  first  paper. 

This  method  is  described  in  some  detail  below. 

From  2  to  5  cc.  of  urine  (the  amount  depending  on  the  specific 
gravity)  are  measured  into  a  100  cc.  beaker  and  after  adding  a  drop 
of  saturated  oxalic  acid  solution  the  whole  is  evaporated  to  dry- 
ness on  the  water  bath  or  over  a  hot  iron  plate  or  even  over  a  free 
flame.  This  evaporation  takes  only  a  few  minutes,  but  it  should  be 
continued  imtil  the  upper  parts  of  the  beaker  are  dry.  To  the  dry, 
cool  residue  are  added  10-15  cc.  of  a  mixture  consisting  of  2  parts  of 
pure,  dry  ether  (i.6.,  ether  distilled  over  sodium)  and  1  part  of  pure 
methyl  alcohol.  After  standing  for  about  five  minutes  the  solu- 
tion is  removed  by  careful  decantation  and  another  10  cc.  of  the 
alcohol-ether  mi^ure  are  added  to  the  residue,  allowed  to  settle 
and  decanted.  The  alcohol-ether  dissolves  out  the  phenol  acids 
and  leaves  the  uric  acid. 

With  regard  to  this  treatment  of  the  evaporated  urine  residue 
for  the  removal  of  other  substances  than  uric  acid  which  give  a 
blue  color  with  the  reagent,  it  should  be  said  that  two  very  slight 
sources  of  error  are  inherent  in  the  process.  In  the  presence  of 
considerable  solid  residues,  soluble  phenol  acids,  as,  for  example, 
tannic  acid,  are  not  to  be  perfectly  removed  by  the  treatment 
outlined  above.  Nor  is  uric  acid  absolutely  insoluble  in  the  organic 
solvent  under  the  conditions  of  the  experiment.  These  two  sources 
of  error  are  however  very  slight  indeed  and  as  they  happen  to 
influence  the  result  in  opposite  directions  they  do  not  appreciably 
affect  the  analytical  results.  For  urine  work  ordinary  90  per  cent 
ethyl  alcohol  might,  as  a  matter  of  fact,  be  substituted  for  the 
ether-alcohol  mixtiu-e  recommended  above  but,  since  we  have  satis- 
fied ourselves  that  luic  acid  is  rather  more  soluble  in  it  than  in  the 
ether-alcohol  mixture,  we  prefer  the  latter. 

To  the  washed  residue  in  the  bottom  of  the  beaker  is  next  added 
water  (5-10  cc.)  and  a  drop  of  saturated  sodium  carbonate  solu- 
tion, and  the  mixture  is  shaken  or  stirred  so  as  to  secure  complete 
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solution  of  the  uric  acid.  To  the  solution  is  finally  added/ first, 
2  cc.  of  the  uric  acid  reagent  and  then  20  cc.  of  satiurated  sodium 
carbonate  solution.  The  resulting  blue  solution  is  transfixed 
to  a  100  cc.  measuring  flask,  diluted  with  water  up  to  the  mask  and 
the  intensity  of  the  color  is  determined  by  means  of  a  Duboscq 
colorimeter.  The  standard  solution  for  comparison  is  obtained 
by  treating  1  mgm.  of  uric  add  in  lithium  carbonate  solution  with 
5-10  cc.  of  water,  2  cc.  of  the  uric  acid  reagent  and  20  cc.  of  sodium 
carbonate  solution,  and  the  whole  made  up  to  100  cc.  in  a  volu- 
metric flask. 

The  uric  acid  reagent  and  carbonate  solution  should  be  added 
as  nearly  simultaneously  as  practicable  to  both  the  unknown  and 
the  standard  because  the  solutions  obtained  deteriorate  ratb^ 
rapidly  (sufficiently  rapidly  for  example  to  produce  an  unmistak- 
able difference  in  color  in  fifteen  minutes).  This  deterioration  is 
of  no  consequence  to  the  result  if  the  solutions  are  made  at  about 
the  same  time,  for  the  known  and  the  unknown  will  deteriorate 
at  practically  the  same  rate.  It  is  therefore  perfectly  feasible  to 
make  several  uric  acid  determinations  by  the  help  oCtiie  same  stand- 
ard solutions  provided  the  uric  acid  reagent  has  been  added  to 
all  of  them  at  about  the  same  time  (i.e.,  within  three  to  five  min- 
utes). 

As  stated  above,  the  color  obtained  from  1  mgm.  of  uric  add 
is  used  as  a  standard.  Unfortunately  uric  acid  solutions  do  not 
keep  very  well  though  when  properly  made  they  last  for  about  a 
week,  certainly  for  several  days.  To  obtain  such  stable  uric  add 
solutions  it  is  necessary  to  add  only  just  enough  lithium  carbonate 
to  dissolve  the  uric  acid  in  the  course  of  about  an  hour.  A  0.4 
per  cent  Uthium  carbonate  solution  is  very  convenient  for  the  pur- 
pose. Each  cubic  centimeter  of  such  a  solution  dissolves  10  mgm. 
of  uric  acid.  For  a  standard  solution  we  therefore  weigh  out  250 
mgm.  of  Kahlbaum's  uric  acid,  transfer  it  to  a  250  cc.  volumetric 
flask  by  means  of  25-50  cc.  of  water,  then  add  25  cc.  of  the  lithium 
carbonate  solution  and  shake  at  intervals  for  an  hour  before  dilut- 
ing with  water. 

The  preparation  of  such  a  standard  uric  add  solution  once  a 
week  is  not  much  of  a  task  if  in  the  course  of  that  week  a  number 
of  uric  acid  determinations  are  to  be  made.  A  standard  solution 
which  remains  reUable  only  for  a  week  is  however  far  from  an  ideal 
standard. 
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We  have  devoted  a  great  deal  of  time  trying  to  find  a  more  per- 
manent standard,  for  it  would  manifestly  be  a  great  advantage  to 
have  it  always  on  hand  for  occasional  mic  acid  determinations. 

Ri^er  adopted  colored  glasses  for  the  pmpose,  but  so  far  we 
have  been  imable  to  find  any  which  are  serviceable,  because  they 
transmit  too  much  or  too  little  light.  We  have  also  investigated  a 
large  number  of  substances  which  give  blue  solutions,  including 
the  aniline  dyes,  but  here  again  they  are  entirely  too  bright  to  be 
satisfactory  with  the  ordinary  Duboscq  colorimeter. 

We  have  also  experimented  with  a  large  number  of  substances 
(polyphenol  derivatives)  which  give  the  blue  color  with  the  uric 
add  reagent  but  curiously  enough  nearly  all  give  blue  solutions 
which  are  less  bright  than  the  blue  given  by  uric  acid,  besides 
having  a  more  greenish  shade. 

It  therefore  seems  almost  hopeless  to  get  any  standard  solution 
of  keeping  quality  capable  of  giving  exactly  the  same  color  as  that 
obtained  with  uric  acid.  A  good,  though  by  no  means  ideal 
standard  solution,  was  finally  foimd  in  the  mic  acid  reagent  itself. 
It  was  foimd  that  an  excess  of  the  reagent  used  with  a  minute 
quantity  of  uric  acid  gives  the  same  color  as  is  obtamed  when  an 
excess  of  uric  acid  is  added  to  a  minute  quantity  of  the  luic  acid 
reagent;  and  as  the  latter  seems  to  keep  indefinitely,  a  part  of  it 
can  be  set  aside  and  standardized  against  a  known  uric  acid  solu- 
tion and  will  then  be  found  to  be  very  serviceable  for  occasional 
uric  acid  determinations. 

When  employed  as  a  standard  the  uric  add  reagent  is  used  as 
follows :  A  small  pinch  (a  few  milligrams )  of  uric  add  is  thrown  into 
a  100  cc.  measuring  flask  and  is  dissolved  by  the  addition  of  20  cc. 
of  saturated  sodium  carbonate  solution.  (No  attention  need  be 
paid  to  the  rapidity  or  completeness  with  which  the  uric  acid  dis- 
solves.) To  this  solution  is  then  added  1  cc.  of  the  \mc  acid  rea- 
gent or  a  corresponding  quantity  of  a  uric  acid  reagent  previously 
diluted  with  water.  The  blue  solution  is  diluted  to  100  cc.  and  its 
color  value  is  determined  by  comparison  with  the  color  given  by 
1  mgm.  of  uric  acid  when  treated  in  the  usual  manner  with  an 
excess  (2  cc.)  of  the  uric  acid  reagent. 

Setting  the  prism  of  the  known  uric  acid  solution  at  2  —  mm.,  it 
will  be  found  that  1  cc.  of  the  reagent  treated  with  an  excess  of 
uric  acid  as  described  will  read  somewhere  between  9  and  12  mm. 
Suppose  it  reads  at  the  latter  figure;  then  setting  it  at  12  when 
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using  it  as  a  standard  for  the  determination  of  uric  acid  in  an 
unknown  solution  or  in  urine  is  the  same  as  using  1  mgm.  of  uric 
acid  and  setting  the  standard  at  20.  To  illustrate:  If  an  unknown 
urine  against  this  new  standard  gave  a  color  of  the  same  intensity 
as  the  standard  named,  it  would  contain  fy  or  1.666+  mgm.  of 
uric  acid  in  the  volume  of  urine  taken  for  analysis;  if  the  unknown 
read  11  mm.  with  the  standard  at  12,  it  would  contain  ff  or  1.82 
mgm.  of  uric  acid.*  The  chief  drawback  encountered  in  using  the 
uric  acid  reagent  as  a  standard  is  that  the  color  produced  fades 
more  rapidly  than  the  color  produced  when  the  reaction  is  made  in 
theusual  way  with  an  excess  of  the  reagent.  It  is  therefore  neces- 
sary to  make  the  reaction  as  nearly  simultaneously  as  possible 
in  the  imknown  and  in  the  standard  and  then  to  read  the  color 
promptly,  i.e.,  within  five  minutes.  For  each  unknown  to  be 
determined  a  fresh  reaction  must  be  made  with  the  st^dard. 
When  a  series  of  imc  acid  determinations  are  to  be  made  it  is 
therefore  in  most  cases  best  to  use  imc  acid  rather  than  the  uric 
acid  reagent  as  a  standard. 

The  uric  acid  values  recorded  below  for  twenty  normal  urines 
show  that  the  new  colorimetric  method  gives  substantially  the 
same  figures  as  are  obtained  by  the  Folin-Shaffer  modification  of 
Hopkin's  method.  The  figures  given  in  the  fourth  column  repre- 
sent the  uric  acid  plus  all  other  substances  in  urine  which  give  a 
blue  color  with  om*  uric  acid  reagent.  As  indicated  in  the  table, 
we  regard  these  as  being  chiefly  polyphenols. 

Since  the  reaction  for  mic  acid  which  is  here  used  as  a  basis 
for  its  determination  is  more  delicate  than  any  other  known  reac- 
tion and  is  perfectly  adaptable  for  quantitative  work,  it  is  clear 
that  it  ought  to  prove  eminently  suitable  for  the  determination  of 
such  small  quantities  of  uric  acid  as  may  exist  in  blood.  A  new 
method  for  the  determination  of  imc  acid  in  blood,  based  on  the 
principles  outlined  in  this  paper,  will  be  described  in  the  next  num- 
ber of  this  Journal, 

•  It  doubtless  will  occur  to  some  that  it  would  be  more  convenient  to  dilute 
the  uric  acid  reagent  so  that  a  suitable  volume  should  have  the  same  chro- 
mophoric  value  as  the  solution  obtained  from  1  mgm.  of  uric  acid.  There 
is  however  nothing  to  be  gained  by  such  a  procedure.  It  is  just  as  easy  to 
set  the  standard  somewhere  between  9  and  12  as  at  20.  Moreover,  the  more 
concentrated  color  corresponding  to  1  cc.  of  the  uric  acid  reagent  fades  less 
rapidly  than  do  weaker  solutions. 
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The  introduction  by  Wiechowski^  of  an  accurate  method  for 
the  detennination  of  allantoin  led  very  quickly  to  the  recognition 
of  that  substance  as  a  constant  constituent  of  the  urine  of  manunals, 
to  be  included  with  imc  acid  and  the  purine  bases  among  the  regu- 
lar products  of  endogenous  purine  metabolism.  It  appears  practi- 
cally certain  that  in  no  mammalian  urine  is  any  one  of  these  three 
stages  in  the  progressive  catabolism  of  the  purine  nucleus  entirely 
unrepresented.  As  for  the  relative  importance  of  each,  it  is  found 
to  vary  with  the  species.  Some  animals  excrete  uric  acid  in  greater 
abundance  than  purine  bases,*  while  for  others  the  reverse  is  true. 
In  most  cases  the  r61e  of  these  two  fractions  combined  is  greatly 
subordinate  to  that  of  allantoin.  Thus  in  the  dog^  allantoin  ac- 
counts for  93  to  97  per  cent  of  the  total  purine  nitrogen  eliminated, 
and  a  ratio  of  the  same  order  has  been  established  for  the  cat,^ 
the  rabbit,^  the  pig*  and  the  coyote.'    In  another  group  of  animals, 

*  The  exi>eximental  matter  contained  in  this  paper  was  presented  in  part 
at  the  Joint  Meeting  of  the  American  Society  of  Biological  Chemists  and  the 
Biologicai  Section  of  the  American  Chemical  Society,  Washington,  Decem- 
ber, 1911,  and  in  part  at  the  Eighth  International  Congress  of  Applied  Chem- 
istry, New  York,  September,  1912. 

'Wiechowski:  Beitr,  z,  chem.  Physiol. ,  id,  p.  109,  1908. 

*  This  is  known  to  be  true  for  the  horse  (Schittenhelm  and  Bendix:  Zeitschr. 
/.  physioL  Chem.,  xlviii,  p.  140, 1906)  and  the  pig  (Schittenhelm  and  Bendix: 
loc.cit.;  Schittenhelm:  Zeitschr,/.  physiol.  Chem.,  Ixvi,  p.  53,  1910;  Mendel 
andL3rman:  this /ournoZ,  viii,  p.  115, 1910). 

*Wiechowski:  loc.  cit.;  Schittenhelm:  Zeitschr.  f.  physiol.  Chem.,  Ixii,  p. 
80, 1909;  Hirokawa:  Biochem.  Zeitschr.,  xxvi,  p.  441,  1910. 
*Wiechowski:  loc.  cit. 
•Schittenhelm:  loc.  cit.,  1910. 
'Hunter  and  Givens:  this  Journal,  viii,  p.  449,  1910. 
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exemplified  by  the  horse*  (and  as  will  appear,  the  monkey),  the 
predominance  of  allantoin  is  less  pronounced.  One  species,  namely 
man,  occupies  in  this  respect  an  altogether  exceptional  position. 
Human  urine  is  characterized  by  its  high  content  of  uric  acid; 
bases  are  present  in  relatively  small  amounts;  while  allantoin  has 
been  detected  in  the  merest  traces.® 

It  is  natural  to  inquire  whether  the  specific  peculiarities  thus 
manifested  permit  of  being  systematized.  Particularly  is  one 
tempted  to  ask  whether  in  this  province  similarities  of  physiological 
reaction  correspond  with  genetic  aflinities  and  whether  among  the 
variations  encountered  it  is  p)ossible  to  trace  any  evolutionary 
sequence.  With  the  purpose  of  collecting  data  which  may  ulti- 
mately afford  an  answer  to  such  questions  we  have  imdertaken  the 
systematic  examination  of  a  number  of  mammalian  urines  not 
hitherto  studied  from  this  point  of  view. 

The  present  paper  deals  with  one  species  only,  but  it  is  represen- 
tative of  a  group  to  which  a  special  interest  attaches,  and  it  has 
been  made  the  subject  of  rather  more  extended  observation  and 
experiment  than  lay  in  our  original  plan.  The  apparently  unique 
behavior  of  the  human  organism  suggested  an  early  attempt  to 
ascertain  the  character  of  the  purine-allantoin  excretion  in  man's 
nearest  relatives.  Material  from  the  higher  apes  we  have  not 
been  fortunate  enough  to  have  at  our  disposal  but  about  two  years 
ago  we  were  able  to  take  up  the  problem  in  regard  to  the  monkey. 
It  is  true  that  even  at  that  time  data  on  the  subject  were  not  alto- 
gether lacking.  Wiechowski^^  had  examined  one  sample  of  monkey 
urine  (species  not  stated),  and  had  found  it  to  contain  as  much  as 
0.1  gram  of  allantoin  in  100  cc;  \mc  acid  was  absent;  purine  bases 
were  apparently  not  determined.  To  the  general  question  in- 
volved an  important  contribution  had  also  been  made  by  Wells." 
In  a  study  devoted  particularly  to  the  purine  enzymes  of  the  tis- 
sues of  Macacos  rhesus  he  demonstrated  that  the  Uver  of  this 


•  Wiechowski:  Biochem.  Zeitschr,,  xix,  p.  368,  1909. 

•  Wiechowski :  loc,  ci7.,  1909  and  Biochem.  Zeitschr.,  xxv,  p.  431,  1910; 
Schittenhelm  and  Wiener:  Zeitschr.  f.  phyaiol.  Chem.,  Ixiii,  p.  283,  1909; 
Ascher:  Biochem.  Zeitschr. y  xxvi,  p.  370,  1910;  Fairhall  and  Hawk:  Journ. 
Amer.  Chem.  Soc,  xxxiv,  p.  546,  1912. 

»« Wiechowski:  loc.  cit.,  1908. 

"  WeUs:  this  Journal,  vii,  p.  171, 1910. 
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monkey  exhibits  in  vitro  a  high  degree  of  uricolytic  power.  In 
spite  of  this  he  was  unable,  either  by  the  Wiechowski  method  or 
by  the  older  one  of  Poduschka/^  to  isolate  allantoin  from  the  urine 
of  the  animals  employed.  At  the  most  its  presence  was  rendered 
probable.  Uric  acid  was  encountered  on  one  occasion  only,  and 
was  then  ascribed  to  the  effects  of  tuberculous  disease.  The  total 
purine  excretion  was  exceedingly  small. 

Published  observations  on  the  point  specially  interesting  us 
were,  it  is  seen,  not  only  few  in  number  but  rather  imperfectly 
concordant,  and  we  felt  justified  in  pursuing  the  question  inde- 
pendently. In  a  first  conununication^'  we  confirmed  Wiechowski 
as  to  the  presence  of  allantoin  in  monkey's  urine,  Wells  as  to  the 
smallness  of  the  total  purine  output  and  both  as  to  the  normal 
absence  of  uric  acid.  But  the  few  analyses  reported  were  made  on 
mked  samples  obtained  at  irregular  intervals  from  two  monkeys 
of  different  species.  They  possessed  therefore  little  more  than  a 
qualitative  value.  We  have  since  subjected  one  of  the  animals 
to  a  series  of  quantitative  studies.  An  abstract  of  our  earlier 
results  had  already  been  published,^"*  when  a  fresh  contribution 
to  the  subject  appeared  from  the  pen  of  Wiechowski.*^  In  this 
he  states  the  conclusion,  fully  in  accord  with  our  own  observations, 
that  in  monkeys  the  principal  end  product  of  purine  metabolism 
is  allantoin;  while  he  reports  in  addition  the  extremely  interesting 
discovery,  that  this  substance  is  absent  from  the  urine  of  the  chim- 
panzee. Although  our  program,  as  originally  planned,  is  not  yet 
completed,  the  appearance  of  Wiechowski's  paper  leads  us  to  ren- 
der without  further  delay  a  detailed  account  of  some  of  our  experi- 
ments. 

"  Poduschka:  Arch.f.  exp,  Path.y  xliv,  p.  59, 1900. 

"Hunter  and  Givens:  Proc.  Amer.  Soc.  Biol.  Chem.,  December,  1910, 
ihia  Journal,  ix,  p.  xvi,  1911. 

"Hunter  and  Givens:  Proc.  Amer.  Soc.  Biol.  Chem.,  December,  1911, 
this  Journal,  xi,  p.  xxxix,  1912.  Further  data,  some  of  which  also  are  incor- 
porated in  the  present  paper,  formed  the  subject  of  another  brief  communi- 
cation: seeOrig,  Comm.  Eighth  Intern,  Congr.  of  Applied  Chem.,  xix,  p.  149, 
September,  1912.  This  was  already  in  print  before  we  became  aware  of  the 
existence  of  Wiechowski's  recent  article. 

"  Wiechowski:  Prager  med.  Wochenschr.,  1912,  p.  275.  The  original  paper 
is  not  within  our  reach;  we  quote  from  an  abstract  in  Zentralbl.  f.  Biochem, 
u.  Biophys.,  xiii,  p.  661,  September,  1912. 
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SUBJECT  AND  KBTHODS. 

The  subj  ect  was  an  adult  female  "  guenon* '  monkey  (CercopithBCU 
caUitrichAi8)y^^  weighing  4.7  to  4.8  kgm.,  of  very  active  habit  and 
lively  though  uncertain  temper.  When  under  observation  it  was 
confined  in  a  metabolism  cage  of  the  ordinary  tjrpe  and  was  main- 
tained upon  a  diet  limited  to  milk,  peanuts  and  bananas,  with  the 
occasional  addition  of  some  common  salt.  Water,  as  a  septate 
item,  was  neither  given  nor  apparently  desired. 

We  hoped  at  first  to  be  able  to  maintain  the  animal  in  unin- 
terrupted nitrogenous  equilibrium,  but  the  rather  capricious  nature 
of  its  appetite  forced  us  to  abandon  the  attempt.  The  diet  was  at 
least  adequate,  the  body  weight  increased  rather  than  dimin- 
ished during  the  experiments  and  except  possibly  towards  the  end 
of  the  second  period  of  confinement  the  monkey  was  in  perfect 
condition. 

The  oral  administration  of  sodium  nucleate  and  of  allantoin  was 
effected  by  dissolving  them  in  the  minimum  amoimt  of  water  and 
adding  the  solution  to  the  morning  draught  of  milk.  During  the 
day  successive  portions  of  the  milk  ration  were  offered  in  the  same 
polished  nickel  dish;  quantitative  ingestion  of  the  dose  was  thus 
in  every  case  assured.^^  The  subcutaneous  injections  were  made 
from  an  elevated  burette  into  the  loose  tissue  round  the  loins. 
They  produced  no  perceptible  local  or  general  effects. 

The  urine  was  collected  in  forty-eight-hour  periods.  The  temp«" 
of  the  animal  made  the  use  of  the  catheter  out  of  the  question. 
Fortimately  she  could  be  induced  to  micturate  at  any  time  by  trans- 
ferring her  from  one  cage  to  another,  and  by  taking  advantage  of 
this  it  was  possible  to  delimit  each  period's  excretion  with  an  error 
of  less  than  twenty  minutes.  As  the  mine  was  frequently  alkaline 
when  passed,  it  was  received  in  a  flask  containing  acetic  'acid. 
Putrefaction  was  prevented  by  the  liberal  use  of  thymol.    Each 

sample,  as  collected,  was  made  up  along  with  the  cage  washings 

• 

!•  The  species  was  identified  for  us  by  Dr.  H.  D.  Reed  of  the  Department 
of  Vertebrate  Zoology  in  this  University.  To  Dr.  Reed  we  desire  to  take 
this  opportunity  of  expressing  our  indebtedn^s  for  the  service. 

*^  On  a  few  occasions  after  the  administration  of  sodium  nucleate  a  part 
of  the  last  portion  of  milk  for  the  day  was  refused.  This  was  hydrolyied 
with  5  per  cent  sulphuric  acid  and  tested  for  purines  by  the  method  of  KrQger 
and  Schmid.    No  purines  were  ever  detected. 
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to  a  round  volume  of  1000  cc.  All  the  analyses  were  commenced 
immediately. 

Uric  acid  and  purine  b(ises  were  determined  in  a  400  cc.  portion. 
The  method  employed  was  that  of  Kriiger  and  Schmid^*  with  these 
variations,  that  the  use  of  MnOt  was  omitted,  that  the  filtrate  and 
washings  from  uric  acid  (when  present)  were  not  allowed  to  exceed 
25  cc.  and  that  the  correction  for  solubility  of  uric  acid  was  not 
applied.  It  follows  that  the  figures  under  "purine  bases"  may,  in 
the  reported  absence  of  uric  acid,  and  do,  in  its  presence,  include  a 
trace  of  the  latter.  The  error  involved  is  not  greater  than  1  mgm. 
for  each  two-day  period. 

AUantoin  was  estimated  by  the  method  of  Wiechowski.  Its 
application  to  the  urine  of  our  monkey  proved  to  be  not  altogether 
a  simple  matter.  In  fact  in  the  first  form  described  by  its  author 
it  yielded  us  no  allantoin  whatever.  The  difficulty  lay,  as  after- 
wards appeared,  partly  in  the  small  amount  of  allantoin  actually 
excreted — less  than  0.05  gram  daily — and  partly  in  the  presence 
of  substances  which  to  all  the  precipitants  employed  reacted  exactly 
like  allantoin  itself.  These  obstacles  were  finally  overcome  by  a 
procedure  essentially  the  same  as  that  employed  by  Wiechowski 
with  human  urine.^* 

Two-fifths  (400  cc.)  of  each  urine  sample,  acidified  with  sulphuric  acid» 
was  treated  with  the  requisite  amount  (about  15  cc.)  of  50  per  cent  phospho- 
timgstic  acid.  The  phosphotungstates  were  separated  on  a  kieselguhr 
filter.'^  The  filtrate  was  neutralized  with  sodium  hydroxide  and  treated, 
after  the  usual  routine,  first  with  20  per  cent  basic  lead  acetate  and  then  with 
a  saturated  solution  of  acetate  of  silver.  Every  precipitate,  especially  the 
very  heavy  lead  one,  was  thoroughly  washed  with  cold  water  and  the  wash- 
ings were  added  to  the  filtrate.  The  final  bulk  of  the  liquid  was  conse- 
quently very  considerable  (about  1200  ccj.  It  was  carefully  neutralized 
with  sodium  hydroxide  and  subjected  to  a  partial  precipitation  with  20 
per  cent  mercuric  nitrate.  8  cc.  of  this  reagent  were  all  that  were  required 
to  completely  precipitate  the'  aUantoin;  5  cc.  of  the  filtrate  invariably  gave 
an  immediate  reaction  with  one  drop  of  a  0.1  per  cent  solution  of  allantoin. 

"  KrUger  and  Schmid:  Zeitschr,  f.  physiol.  Chem.f  xlv,  p.  1,  1905. 

"Wiechowski:  loc,  ciL,  1909. 

"  The  kieselguhr  filter  recommended  by  Wiechowski  was  employed  not 
only  here,  but  also  in  filtering  the  very  fine  silver  precipitate  of  a  later  stage 
of  the  process.  It  proved  to  be  in  these  and  many  other  situations  exceed- 
ingly efficient  for  the  retention  of  fine  suspensions;  but  we  are  not  without 
suspicion  that  its  use  was  at  least  partly  responsible  for  the  ash  content  of 
our  allantoin  (see  later). 
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After  standing  over  night  the  precipitate  was  collected,  suspended  in  a 
little  water  and  decomposed  in  the  cold  with  hydrogen  sulphide.  The 
hydrogen  sulphide  having  been  exi>elled  and  the  sulphide  filtered  off, 
the  filtrate  and  washings  were  exactly  neutralized  and  precipitated  with 
Wiechowski's  mercuric  acetate  reagent.  The  allantoin  solution  obtained 
by  the  decomposition  of  the  mercury  precipitate  was  evaporated  to  dryness 
in  a  tared  dish.  The  residue  was  carefully  washed  in  the  dish  with  a  little 
cold  water,  dried  at  105®  and  weighed. 

The  product  thus  reckoned  as  allantoin  consisted  of  practically  colorless 
crystals  of  typical  form.  They  melted  at  231-232*'  and  the  melting  point 
was  not  altered  by  admixture  with  pure  allantoin. 

In  spite  of  these  indications  of  purity  the  nitrogen  content  of  the  crystals 
was  always  lower  than  that  calculated  for  pure  allantoin.  This  we  ascer- 
tained to  be  due  to  the  constant  presence  of  slight  mineral  impurity.  This 
could  of  course  be  removed  by  repeated  recrystallization;  0.0232  gram  of  a 
thrice  crystallized  sample  yielded  8.19  mgm.  of  nitrogen,  corresponding  to 
.35.3  per  cent ;  calculated,  35.4.  But  purification  in  this  way  was  anything  but 
quantitative.  Fortimately  the  error  caused  by  the  presence  of  inorganic 
material  was  practically  compensated  by  another  which  operated  in  the 
opposite  direction.  In  washing  the  crude  crystals  we  inevitably  removed 
not  only  the  bulk  of  the  pigment  and  other  easily  soluble  contaminations 
but  also  a  small  amount  of  the  allantoin  itself.  Allantoin  in  fact,  as  we  have 
repeatedly  noticed,  though  hardly  soluble  in  cold  water  when  pure,  is  dis- 
tinctly so  in  the  presence  of  the  impurities  by  which  it  is  here. accompanied. 
That  the  inaccuracies  thus  involved  in  our  procedure  were  really  of  no  very 
great  significance,  we  satisfied  ourselves  by  a  number  of  control  experiments. 

In  these,  weighed  quantities  of  allantoin  were  added  to  monkey  urine  of 
which  the  allantoin  content  had  been  previously  determined.  All  analyses 
were  carried  out  ip  duplicate;  in  one  set  the  determinations  were  made  gravi- 
metrically,  as  above  described,  and  in  the  parallel  one  the  mercury  precipi- 
tates were  Kjeldahled.  The  results  of  the  two  sets  were  nearly  identical. 
Each  liter  of  urine  contained,  to  start  with,  28  mgm.  of  allantoin  nitrogen 
as  weighed  or  26  according  to  the  nitrogen  determination.  Of  added  allan- 
toin there  was  recovered  in  the  gravimetric  series  91-97  per  cent  and  in  the 
volimietric  one  89-91  per  cent.**^ 

In  the  second  series  of  exi>eriments  reported  below  (table  II)  the  allan- 
toin was  not,  as  in  the  first,  weighed  after  isolation  but  was  calculated  from 
the  nitrogen  content  of  the  mercury  precipitate.  There  are  doubtless 
strong  objections  to  the  adoption  of  this  as  a  routine  procedure,  but  we  have 
ample  evidence  that  in  the  present  case  at  least  it  was  equivalent  in  its 
results  to  the  other.  This  appeared  in  the  control  analyses  described  above. 
We  have  moreover  many  times,  after  weighing  the  washed  crystals,  sub- 
jected them  along  with  the  collected  washings  to  a  Kjeldahl  determination. 
The  following  exemplify  the  results : 

*i  Levene  and  Medigreceanu  (Amer.  Journ.  of  Physiol.  ^  xxvii,  p.  438, 1911) 
were  able  to  recover  from  hmnan  urine  up  to  90  per  cent  of  added  allantoin. 
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KUMBBB  or  URIKB 

ALLANTOIN  BT  W£IGHT 

CALCUL.ATBO  FBOU  TOTAL 
NITBOOEN 

7 

9 

11 

mgm, 

33.0 
32.5 
36.0 

mgm. 

31.0 
34.0 
34.5 

Apparently  the  impurities  precipitated  with  the  allantoin  are  practically 
free  from  nitrogen.  It  will  be  noted,  as  a  further  confirmation  of  this  infer- 
ence, that  the  "normal''  amount  of  allantoin  in  table  II  is  the  same  as  in 
table  I. 

The  feces,  collected  daily,  were  kept  in  dilute  sulphuric  acid 
and  in  combined  lots,  marked  off  by  the  administration  of  carmine, 
were  analyzed  for  purines  by  the  method  of  Kriiger  and  Schitten- 
helm.^ 

ANALYTICAL  RESULTS. 

The  first  series  of  observations  made  was  planned  to  ascertain 
the  normal  endogenous  excretion  of  purines  and  allantoin  together 
with  the  effect  of  feeding  nucleic  acid.  The  monkey  was  main- 
tained for  forty  days  upon  a  daily  ration  of  200  cc.  of  whole  milk, 
200  grams  of  bananas  and  20  grams  of  peanuts,  calculated  to 
contain  about  2.09  grams  of  nitrogen  and  418  Calories.  The  urine 
anal3rses  for  the  first  twelve  days  were  incomplete.  The  record 
for  the  remaining  twenty-eight  is  reproduced  in  Table  I. 

The  experiments  of  Table  I  were  followed  by  a  period  of  six 
weeks'  liberty,  during  which  the  monkey  enjoyed  a  fairly  promiscu- 
ous diet.  After  being  returned  to  the  cage  it  was  placed  upon  the 
slightly  altered  allowance  of  150  cc.  of  milk,  150  grams  of  bananas 
and  25  grams  of  peanuts,  equivalent  to  about  1.91  grams  of  nitrogen 
and  363  calories.  Table  II  exhibits  the  results  obtained  during 
fifty-eight  days  under  this  regime.  Besides  a  preliminary  normal 
period  of  two  weeks,  there  are  included  two  more  experiments  with 
nucleic  acid  and  a  series  upon  the  enteral  and  parenteral  adminis- 
tration of  allantoin. 


The  excretion  of  endogenous  purines  and  allantoin. 

In  Table  I  there  occur  nine  two-day  periods  and  in  Table  II 
twenty-one,  upon  which  no  foreign  substance  was  administered. 

"  Kriiger  and  Schittenhelm:  Zeitschr.  /.  physiol,  Chem.,  xlv,  p.  14, 1905. 
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TABLE  II. 

O&AUS  KITBOaBX  IK  48  HOURS 

▲LLAHTTOIN 

a 
o 

«     1 

K 

• 

Totol 
3.39 

Allantoln 

Urtc 
acid 

Purine 
bases 

Total 

purtne- 

allan- 

toInN 

N  IN  PBB 

C«NT  OF  TO- 
TAL PDBnnc- 

▲LLANTOIN 

N 

• 

BXMABKS 

15 

none 

0.010 

16     3  50 

0.030 

none 

0.010 

0.040 

75 

17 

3.60 

0.027 

none 

0.011 

0.038 

71 

18 

3.47 

0.030 

none 

0.011 

0.041 

73 

19 

3.64 

0.030 

none 

0.011 

0.041 

73 

20 

3.74 

0.031 

none 

0.011 

0.042 

74 

21    ♦3.29 

0.030 

none 

0.010 

0.040 

75 

22  *Z.dO 

0.028 

none 

0.011 

0.039 

72 

0.1295  gram  allantoin 
per  08. 

23    3.44 

0.029 

none 

0.011 

0.040 

73 

24    3.52 

0.042 

none 

0.010 

0.052 

81 

0.2765   gram    allantoin 

] 

per  08, 

25 

3.51 

0.028 

none 

0.012 

0.040 

70 

26    3.71 

0.050 

none 

0.012 

0.062 

81 

0.2718  gram  allantoin 
per  08. 

27  ♦3.45 

0.027 

none    O.Olcy  0.037 

73 

28  ♦3.37 

0.089 

none    0.010  0.099 

90 

0.1988    gram   allantoin 

I 

subcutaneously. 

29 

♦3.15 

0.024 

none    0.009 

0.033 

73 

30 

3.41 

0.029 

none    0.00^ 

0.036 

81 

31 

♦3.28 

0.054 

none    O.Ollj  0.065 

83 

0.0946    gram    allantoin 

subcutaneously. 

32 

♦3.15 

0.029 

none 

0.012  0.041 

71 

> 

33 

♦3.50 

0.025 

none 

O.OU 

0.039 

64 

34 

♦3.42 

0.054 

none 

0.013i  0.067 

81 

0.0963    gram    allantoin 

subcutaneously. 

35 

♦2.89 

0.027 

none 

0.012 

0.039 

69 

36 

♦2.69 

0.026 

none 

0.011^  0.038 

68 

Diarrhoea. 

37 

*3.53 

0.035 

0.004 

0.011  0.050 

70 

2.0  grams  sodium  nu- 
cleate per  08. 

38 

♦3.42 

0.024 

trace 

0.012!  0.036 
0.010  0.030 

67 

39 

3.60 

0.020 

none 

67 

40 

3.75 

0.045 

0.004 

0.013 

0.062 

73 

2.0  grams  sodium  nu- 
cleate per  08. 

41 

♦3.40 

0.025 

0.001 

0.012 

0.038 

66 

42 

♦3.20 

t  (0.019) 

none 

0.014 

*  Rations  not  entirely  consumed. 

tThe  aUantoUx  detennlnation  of  this  period  was  lost. 
period  43. 


The  figure  given  was  obtained  on 


Average  excretion  of  purine  nitrogen  by  the  feces:  for  periods  15-21, 0.014; 
22-36,  0.011;  37-42,  0.011  gram. 
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is  evidently  pitched  upon  a  comparatively  low  level.  It  happens 
that  we  can  compare  our  subject  in  this  respect  with  a  dog  of 
identical  weight  (4.7  kgm.) ;  this  animal,  as  reported  by  ffirokawa,* 
on  a  diet  all  but  free  from  purines-  and  excreting  1.64  grams  of 
total  urinary  nitrogen,  eliminated  daily  0.159  gram  of  purine  + 
allantoin  nitrogen.    This  is  eight  times  as  much  as  the  monkey. 

Uric  add  could  be  detected  in  none  of  the  "normal"  urines;  if 
this  does  not  positively  prove  its  absence,  it  shows  at  least  that 
any  quantity  actually  eliminated  must  have  been  excessively 
minute. 

Purine  bdses  on  the  other  hand  are  excreted  regulariy  in  rela- 
tively considerable  amount.  The  nitrogen  present  in  this  form 
varies  between  7  and  14  mgm.  f^h  extreme  is  an  exceptional 
figure;  on  the  whole  the  purine  base  excretion  exhibits  great  reguktf- 
ity,  seventeen  of  our  twenty-three  normal  values  lying  between 
10  and  12  mgm.  The  average  of  all  is  10.5  (daily,  5.25)  mgm.  of 
nitrogen.  The  monkey,  it  appears,  is  one  of  the  few  animab 
known  to  excrete  purine  bases  in  greater  quantity  than  uric  acid. 

For  endogenous  allantoin  the  lowest  nitrogen  value  recorded  is 
20  mgm.,  the  highest,  32.  Here  again  a  much  greater  approach 
to  constancy  is  made  than  these  isolated  figures  would  indicate. 
There  is  reason  to  believe  that  the  minimum  (period  39)  was 
reached  as  an  indirect  result  of  previous  feeding  with  sodium  nucle- 
ate; the  two  nearest  to  it  are  24  and  25  (periods  29  and  33),  and 
even  these  are  in  all  probability  similarly  related  to  the  allantoin 
injections.^  Be  this  as  it  may,  there  are  eighteen  periods  for 
which  the  allantoin  nitrogen  falls  between  27  and  31  mgm.  The 
average  of  the  whole  twenty-three  is  28.  If  for  the  reasons  stated 
we  neglect  the  tHfee^lowest,  the  average  is  29.  This  means  a  daily 
excretion  of  14.5,  the  equivalent  of  0.041  gram  of  allantoin. 

These  perfectly  consistent  results  confirm  and  are  confirmed  by 
the  reports  of  Wiechowski  upon  what  were  doubtless  other  species 
of  monkey.  They  are  entirely  in  line  with  the  demonstration  by 
Wells  of  the  uricolytic  capacity  of  the  Macacos  liver.  They 
afford  no  evidence  whatever  of  an  approach  to  the  human  type. 
From  the  point  of  view  of  endogenous  purine  metabolism,  the 
monkey  decidedly  ranks  with  the  lower  manunals.    Yet  the  urin- 

*•  Hirokawa:  loc.  cit. 

*♦  See  the  second  last  paragraph  of  this  paper. 
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ary  picture  presents  i>eculiarities.    A  reference  to  the  seventh 
column  of  Tables  I  and  II  shows  that  the  share  taken  by  allantoin 
in  the  sum  of  purine  derivatives  is  not  precisely  that  which  is  typical 
of  the  majority  of  animals.    The  figure  expressing  it — ^what  we 
may  call  the  "allantoin  ratio" — ^may  in  "normal"  periods  be  as  low 
as  64  or  as  high  as  81  per  cent  but  it  generally  remains  somewhere 
between  70  and  78.    It  never  attains  the  high  values  recorded  for 
species  so  divergent  as  the  dog  and  the  pig.    On  the  average  only 
73  per  cent  of  the  total  nitrogen  of  endogenous  purine  origin  takes 
the  form  of  allantoin;  as  much  as  27  per  cent  is  left  for  the  purine 
fraction.    This  state  of  affairs  resembles  the  condition  found  by 
Wiecho^^ki  to  be  characteristic  for  the  horse;  here  the  "allantoin 
ratio"  was  in  one  case  60,  in  another  79.**    Curiously  enough  the 
urine  of  this  animal  presents  another  similarity  to  the  monkey's 
in  the  great  preponderance  of  purine  bases  over  uric  acid.    Accord- 
ing to  a  few  analyses  of  sheep's  urine  made  in  this  laboratory — 
upon  which,  however,  we  do  not  at  present  place  too  much  reli- 
ance^* — ^the  "allantoin  ratio"  of  this  animal  also  is  rather  low  while 
its  purine  fraction  is  about  equally  divided  between  the  bases  and 
uric  acid.    A  full  explanation  of  these  interesting  relations  is  not 
yet  possible. 

The  fate  of  sodium  nucleate  and  allantoin  in  the  organism 

of  the  monkey. 

We  have  thus  far  takeri  for  granted  that  in  the  purine  metab- 
olism of  our  monkey  no  other  products  actually  arise  than  those 
considered.  It  seemed  to  us  desirable  to  test  the  validity  of  this 
assumption.  The  widely  held  conviction  that  nMm,  in  regard  to 
this  very  point,  offers  a  notable  contrast  to  tie  lower  mammals, 
would  add  a  special  interest  to  the  outcome  of  such  a  test.  In 
pursuance  of  this  idea  we  attempted,  in  the  first  place,  to  ascertain 
the  fate  of  sodium  nucleate  administered  by  the  mouth. 

•*•  Wiechowski:  loc,  ci(.,  1909.  Wiechowski  did  not  determine  the  purine 
base  content  of  his  horse  urines.  If  this  were  as  high  as  Schittenhelm  and 
Bendix  {loc,  cit!)  found  it  in  other  samples,  the  allantoin  ratio  in  our  sense 
would  be  lower  stUl. 

*•  They  were  made  upon  the  urine  of  thyroidectomized  sheep,  and  may 
therefore  represent  ratios  that  are  pathological.  They  wiU  be  published 
later  in  another  connection. 


Andrew  Hunter  and  Maurice  H.  Givens       383 

tive  aspects  they  are  not  so  satisfactory.  In  Table  III  the  results 
are  so  arranged  as  to  show  what  fraction  of  the  purine  nitrogen  fed 
was  actually  accounted  for. 

As  the  norm  from  which  to  estimate  the  actual  increase  of  allantoin  in 
any  given  experiment  we  have  taken  the  mean  between  the  output  of  the 
period  immediately  preceding  and  that  of  the  earliest  subsequent  period  in 
which  no  exogenous  excretion  is  detectable.  (The  latter,  as  we  have  noted, 
is  generally  the  period  immediately  after  the  experimental  one  but  some- 
times the  next  again.)  The  intake  is  measured  as  four-fifths  of  the  total 
purine  nitrogen  administered,  that  fraction  only  being  contained  in  the 
purine*  ring  and  available  for  transformation  into  uric  acid  or  allantoin. 

We  recover,  in  ascertained  combinations,  with  small  doses  about 
half,**  sometimes  as  little  as  an  eighth  with  larger  ones,  and  as  the 


TABLE  III. 


PERIOD 

4 
6 

8 
10 
12 
37 
40 


PURINE-RiNG 
N  FED 


35 

35 

70 

70 

140 

140 

140 


MOM.  OP  XITROOEN  RECOVERED 

As  uric  acid 

As  allantolD 

Total 

PERCENTAGB 
R ECO VERT 

0 

16 

16 

46 

trace 

19 

19 

54 

0 

27 

27 

39 

0 

12 

12 

17 

4 

35 

39 

28 

4 

13 

17 

12 

5 

30 

35 

25 

average  of  all  only  32  per  cent.  In  face  of  the  almost  certainly 
complete  absorption  of  the  nucleate,  how  is  the  deficit  to  be  ex- 
plained? Perhaps  the  first  possibility  that  suggests  itself  is  that 
allantoin  may  be  no  end  product,  but  liable  itself  to  catabolic 
changes.  It  is  true  that  metabolic  processes  do  not  often  exhibit 
the  irregularity  that  would  then  seem  to  characterize  the  destruc- 
tion of  allantoin.  Nevertheless  we  felt  bound  to  submit  the  possi- 
bility to  the  test  of  experiment.  'On  three  occasions  allantoin  was 
administered  by  mouth,  on  three  others,  by  subcutaneous  injection. 
The  same  principles  as  before  were  applied  to  the  selection  of  doses 


*•  In  an  earlier  report  already  referred  to  (Hunter  and  Givens:  loc.  cit.j 
1912)  we  alleged  a  recovery,  after  the  first  dose,  of  90  per  cent;  this  state- 
ment involved,  as  we  have  since  discovered,  a  gross  error  in  calculation. 
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and  to  the  interpretation  of  the  data  obtained.    The  results  are 
brought  together  in  Table  IV. 

Between  the  two  sets  of  allantoin  experiments  with  their  almost 
directly  contradictory  results  we  have  no  hesitation  in  selecting 
the  injections  as  the  decisive  ones.  In  these  alone  are  we  absolutely 
certain  that  the  substance  entered  unaltered  into  the  organism; 
and  it  is  the  fate  of  allantoin  within  the  organism,  and  that  only, 
that  concerns  us.  It  has  been  objected  to  the  parenteral  modes 
of  administration  that  they  may  induce  disturbances  of  general 
metabolism  so  profound  as  to  obscure  the  true  interpretation  of 
results.'®  The  objection  is  doubtless  in  many  cases  sufficiently 
well  grounded,  but  in  the  present  one  no  greater  disturbance  was 
noticed  than  might  have  been  produced  by  the  injection  of  so 

TABi^  rv. 


PERIOD 

1 

ICRTROD 

MiLLIORA&IS  ALLANTOIN  N 

Administered              Recovered 

PEBCBirrAOC 
RBCOTSRT 

22 

( 

I          oral 

45.8 

0 

0 

24 

!          oral 

98.0          ' 

13 

13 

26 

1          oral 

96.3 

22 

22 

28 

subcutaneous 

70.4 

63 

90 

31 

subcutaneous 

33.5 

25 

75 

34 

'  subcutaneous 

34.1 

28 

82 

much  water.  The  feeding  experimepts  on  the  other  hand  are 
attended  by  numerous  uncertainties.  The  warmth  and  alkaline 
reaction  of  the  intestinal  contents  are  of  themselves  likely,  accord- 
ing to  Wiechowski,^^  to  bring  about  the  rapid  destruction  of  allan- 
toin. Add  to  this  the  slight  solubility  of  the  substance  and  the 
possible  action  of  bacteria,  and  it  would  not  be  at  all  surprising  if 
none  of  the  first  small  dose  we  gave  had  ever  reached  the  blood 
stream.  It  is  to  such  factors  that  we  incline  at  present  to  attribute 
the  poor  recovery  of  ingested  allatitoin. 

However  this  may  be,  the  results  of  the  injection  experiment 
are  perfectly  definite.  Small  doses  of  allantoin,  subcutaneously 
introduced,  are  recoverable  from  the  urine  of  the  next  forty-eight 

"Cf.  Schittenhehn :  loc,  ciL,  1909. 
'^  Wiechowski:  loc.  cit.,  1910. 
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hours  almost  as  completely  as  if  they  had  been  directly  dissolved 
therein.  It  seems  impossible  to  escape  from  the  conclusion  that, 
if  the  monkey  tissues  possess  any  capacity  at  all  for  the  destruc- 
tion of  allantoin,  it  is  so  poorly  developed  as  to  have  but  little 
practical  significance. 

The  results  of  our  allantoin  experiments  with  the  monkey  are  paralleled 
by  those  reported  upon  other  species.  After  ingestion  there  have  been 
recovered  widely  varying,  often  very  low,  proportions :  in  the  dog,  70  (Min- 
kowski**), 90  (Poduschka**)  and  31  per  cent  (Levene  and  Medigreceanu'*) ; 
in  the  pig,  nearly  100  (Schittenhelm*) ;  in  man,  17  (Minkowski"),  30-50 
(Poduschka*'),  34  (Wiechowski")  and  30-38  per  cent  (Schittenhelm  and  Wie- 
ner**).  Subcutaneous  administration  has  been  seldom  employed:  once 
by  Schittenhelm*^*  on  the  pig  with  quantitative  recovery  and  thrice  by 
Wiechowski*^  on  man  with  yields  up  to  88  per  cent.*' 

Most  writers  are  in  fact  at  one  in  regarding  allantoin  as  a 
terminal  and  not  merely  an  intermediary  product  of  metaboUsm. 
Our  contribution  to  the  question  serves  but  to  emphasize  the  cor- 
rectness of  this  view.  To  explain  the  deficit  of  our  sodium  nucle- 
ate experiments  we  must  look  then  to  other  factors  than  allantoin 
destruction.  What  these  actually  are,  it  is  as  yet  impossible  to 
say.  But  there  are  certain  considerations,  which  appear  to  us  to 
suggest  the  direction  in  which  they  are  to  be  sought. 

There  is  among  recent  investigators  a  pretty  general  agreement 
that,  when  nucleic  acid  is  fed  to  an  animal  like  the  dog,  its  constit- 
uent purines  can  be  quantitatively  accounted  for  (or  nearly  so)  by 
the  excess  of  allantoin,  uric  acid  and  bases  eliminated  during  the 

"  Minkowski:  Arch,f.  exp.  Path,,  xli,  p.  375, 1898. 

"PoduBchka:  loc,  cit, 

'*  Levene  and  Medigreceanu:  loc.  cit. 

"Schittenhelm:  loc.  cii.y  1910. 

'•Minkowski:  loc.  cit. 

"Poduschka:  loc.  cit. 

"  Wiechowski:  Arch.f.  exp.  Path.y  Ix,  p.  185, 1909. 

'•  Schittenhehn  and  Wiener:  loc.  cit. 

**  Schittenhelm:  loc.  cit.,  1910. 

*^  Wiechowski :  Arch.  /.  exp.  Path.^  Ix,  p.  185,  1909. 

**  Schittenhelm  and  Seisser  {Zeitschr.  f.  exp.  Path.,  vii,  p.  116,  1909) 
injected  allantoin  intravenously  into  the  rabbit.  Only  an  abstract  of  their 
paper  is  available  (Biochem.  Zentralbl.,  ix,  p.  746)  and  the  quantitative  de- 
tails are  not  there  given.  The  above  list  includes,  we  believe,  all  other  ex- 
periments in  which  the  recovery  was  quantitatively  determined. 
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next  twenty-four  hours.  Schittenhehn,**  for  example^  reports 
recoveries  of  88-102,  Hirokawa,**  of  72-88  per  cent.  We  may 
therefore  take  it  as  demonstrated  that  in  the  dog  no  other  products 
of  purine  catabolism  need  be  looked  for.  It  appears  at  least 
equally  well  established  that  man,  after  the  ingestion  and  un- 
doubted absorption  of  nucleate  of  sodium,  excretes  as  uric  add 
only  a  fraction  (according  to  the  particularly  careful  experiments 
of  Frank  and  Schittenhelm^  from  5  to  41  per  cent)  of  the  purine 
intake;  while  no  perceptible  increase  of  the  insignificant  allantoin 
output  assists  in  making  good  the  deficit.** 

A  vehement  controversy  centers  round  the  explanation  of  this 
difiference  in  behavior.  According  to  what  is  probably  at  present 
the  prevailing  view,*^  uric  acid  is  in  man,  as  much  as  in  the  lower 
animals,  an  intermediary  product  only;  and  its  destruction  is 
accomplished  in  his  case  by  a  peculiar  type  of  uricolysis  leading 
not  to  or  even  through  allantoin,  but,  by  steps  not  yet  elucidated, 
to  urea.  Another  school  of  opinion  denies  to  hiunan  tissues  every 
kind  of  uricolytic  power;  regards  uric  acid  therefore  as  a  terminal 
product;  and  attributes  the  observed  deficit  after  nucleate  feeding 
to  destruction  of  the  purine  ring  before  absorption.*' 

We  do  not  propose  to  enter  here  into  the  merits  of  this  contro- 
versy. What  is  of  interest  to  us  is  that  in  response  to  the  enteral 
administration  of  sodium  nucleate  the  monkey  reacted,  not  like 
the  animal  with  which  its  high  allantoin  excretion  would  associate 
it,  but  like  man.  It  is  hardly  likely  that  we  are  dealing  here  with 
two  unrelated  processes  leading  to  the  same  exceptional  result. 
It  may  be  assumed  with  greater  probability  that  that  theory  of 
the  fate  of  ingested  nucleic  acid  which  is  ultimately  found  to  hold 
good  for  the  human  animal  will  equally  fit  the  monkey.  If  the 
experimental  facts  require  us  to  postulate  for  the  former  a  partic- 
ular kind  of  uricolytic  enzyme,  that  enzyme  is  probably  active  in 
the  latter  also.     We  should  be  led,  then,  to  the  unexpected  con- 

**  Schittenhelm:  loc,  cit.,  1909. 

**  Hirokawa:  he  cit. 

*^  Frank  and  Schittenhelm:  Zeitschr.  /.  physioL  Chem.y  Ixiii,  p.  269,  1909. 

*•  Schittenhelm  and  Wiener:  loc,  cit, 

*^  Cf .  Brugsch  and  Schittenhehn :  Der  Nucleinatoffwechself  Jena,  1910, 
pp.  41-45,  where  the  literature  of  the  controversy  will  be  found. 

*•  See  the  papers  of  Wiechowski  already  cited;  also  Siv6n:  Arch,  f.  d.  ges, 
Physiol,  cxlv,  p.  283, 1912. 
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elusion  that  the  monkey  disposes  of  intermediiuy  purines  by  two 
independent  mechanisms:  the  one  peculiar  to  the  lower  mammals 
and  leading  to  allantoin,  the  other  ending  in  urea  and  encountered 
in  no  other  species  save  man.  This,  if  true,  .70uld  be  a  striking 
iUustrataon  of  the  monkey's  philogenetic  relations,  but  it  hardly 
bears  the  stamp  of  probabiUty.  It  is  eaaier  to  believe  that  the 
undeniable  destruction  of  purine  nuclei,  which  we  observed,  was 
really  accomplished  in  the  monkey's  intestine  before  absorption 
had  taken  place.  If  this  happens  in  the  monkey's  intestine,  it 
may  also  happen  in  man's;  and  while  our  experiments  have  no 
(firect  bearing  on  the  problems  of  human  metabolism,  we  think  that 
they  afford  some  indirect  evidence  against  the  assumption  of  an 
extensive  uricolysis  in  the  human  organism. 

One   curious  circinnstance  deserves  perhaps  more  particular 
notice  than  we  have  yet  bestowed  upon  it.    If  the  data  of  Table  I 
be  reviewed,  it  will  be  observed  that  in  no  case  there  recorded 
does  the  administration  of  sodium  nucleate  produce  any  effect 
other  than  the  immediate  one  of  an  increase  in  the  total  purine 
metabolism.**     Tliere  is  after  every  dose  a  prompt  return  to  the 
same  "normal"  level  of  allantoin  excretion.    It  is  otherwise  with 
the  experiments  of  Table  II.    Here  may  be  noted  from  period  27 
onwards  an  ahnost  iminterrupted  sinking  of  the  '^  normal"  figures 
for  allantoin.   Each  rise  of  the  output,  whether  resulting  from  allan- 
toin injection  or  from  nucleate  feeding,  is  followed,  more  or  less 
immediately,  by  a  fall  below  the  previous  standard.    Most  strik- 
ing are  the  drop  from  27  to  24  mgm.  after  the  first  allantoin  injec- 
tion, from  29  to  25  after  the  second  and  from  26  to  20  after  the  first 
dose  of  nucleate.    The  summation  of  these  effects  brings  the  allan- 
toin nitrogen  finally  down  to  two-thirds  of  its  original  value.    This 
phenomenon,  in  relation  at  least  to  nucleate  feeding,  has  already 
been  noticed  by  Schittenhelm  in  experiments  upon  the  dog  and  the 
pig.'*    Our  observation,  that  it  may  follow  simple  allantoin  injec- 
tions, suggests  that  in  both  cases  it  is  the  temporary  excess  of  cir- 

*•  It  may  be  worth  recording  that  we  detennined  regjularly  during  this 
series  the  excretion  of  ammonia  and  creatinine  and  that  these  exhibited  no 
single  departure  from  a  very  narrow  range  of  values ;  the  ammonia  nitrogen 
varied  between  0.039  and  0.049  gram,  creatinine  nitrogen  between  0.123  and 
0.134,  nudeate  administration  having  no  perceptible  effect  upon  either. 

*<>  Schittenhelm:  loc,  ciU,  1909  and  1910. 
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ABSORPTION  FROM  THE  STOMACH— A  REPLY  TO 

LONDON. 

By  otto  FOLIN  and  HENRY  LYMAN. 
{From  the  Biochemical  Laboratory  of  the  Harvard  Medical  School.) 

(Received  for  publication,  November  12,  1912.) 

In  OUT  coromunication  on  Absorption  from  the  Stomach^  we 
gave  figures  which  in  our  judgment  leave  no  room  for  doubt  con- 
cerning the  absorption  of  protein  digestion  products  from  the 
stomach.  To  E.  S.  London  our  results  are  evidently  not  at  all 
convincing  and  in  a  recent  number  of  the  ZeUschrift  fUr  physio- 
logische  Chemie^  he  has  endeavored  to  make  clear  several  reasons 
why  our  results  are  inconclusive.  In  view  of  the  great  amount  of 
interesting  experimental  work  done  by  London  and  his  associates 
on  the  subject  of  absorption  (by  methods  entirely  different  from 
ours)  it  is  not  at  all  strange  that  he  should  be  unable  to  accept  our 
conclusion,  diametrically  opposite  as  it  is  to  the  conclusion  reached 
by  himself. 

The  three  main  points  raised  by  London  against  our  work  are 
briefly  discussed  below. 

1.  The  increase  in  the  non-protein  nitrogen  of  the  blood  during 
our  absorption  experiments  might  be  due  to  absorption  from  the 
intestinal  tract  of  our  fasting  animals. 

This  is  to  us  an  interesting  argument  in  view  of  the  fact  that  it 
heretofore  has  been  practically  impossible  to  demonstrate  any 
increase  in  the  non-protein  nitrogen  of  the  blood  as  a  result  even 
of  carefully  planned  absorption  experiments  with  the  intestine. 
As  a  matter  of  fact  the  absorption  which  we  obtained  from  the 
stomach  is  more  rapid  than  any  absorption  from  the  small  in- 
testine which  we  have  observed  as  a  result  of  ordinary  feeding 

• 

*Thb  Journaly  xii,  p.  259. 

*  Zeilschr,  f.  phyaiol.  Chem.,  Ixxxi,  p.  283,  1912. 
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is  to  be  explained  as  a  pathological  rather  than  as  a  physiological 
phenomenon.  We  are  disposed  not  to  argue  over  this  point  but 
would  only  remark  that  a  similar  view  can  then  be  advanced  against 
almost  every  experiment  with  animals,  to  say  nothing  of  experi- 
ments of  every  description  with  isolated  organs. 

It  should  be  noted  that  London's  results  stand  in  a  measure 
alone.  Tabler/  Salasldn,'  Cohnheim,"  Schewnert,^®  and  Lang" 
all  have  reached  the  conclusion  that  nitrogenous  products  dis- 
appear from  the  stomach  through  direct  absorption.  Taken  in 
conjunction  with  the  results  of  all  these  investigators  ours  might  be 
regarded  as  only  a  verification  (by  a  more  direct  method)  which 
at  the  same  time  proves  that  the  nitrogenous  products  absorbed 
from  the  stomach  reach  the  circulation  in  non-protein  form. 

PinaUy  we  wish  to  thank  London  for  his  courtesy  in  sending 
us  an  advance  copy  of  his  note  on  our  work  and  to  express  our 
regret  that  he  just  now  (as  he  has  privately  informed  us)  will  be 
unable  to  publish  further  experimental  work  on  the  problem.  As 
we  indicated  in  our  original  paper^  London's  experimental  results 
are  not  necessarily  inconsistent  with  ours.  His  absorptions  may 
have  been  hidden  by  excessive  secretions  into  the  stomach  of  vari- 
ous kinds  of  nitrogenous  materials,  while  in  our  experiments  (which 
anyhow  were  of  relatively  short  duration)  such  secretion  could  not 
hide  the  accumulations  in  the  blood. 


'  Zeitschr.f,  physioL  Chem.,  xlv,  p.  185,  1906. 

■/btU,  lii,  p.  167,  1907. 

» Ibid.,  Iviii,  p.  64,  1908. 

"  Ibid,,  U,  p.  636,  1907. 

^^  Biochem.  Zeitschr.j  ii,  p.  226,  1906. 

"  This  Journal,  xii,  p.  264. 


ANNOUNCEMENT. 

• 

'  The  Directors  of  the  Journal  of  Biological  Chemistry  take  pleas- 
ure in  announcing  that  beginning  with  the  February  issue  of  1913 
(Volume  XIV,  No.  1)  the  subscription  price  of  the  Journal  to 
domestic  subscribers  will  be  reduced  from  $4.00  to  $3.00  per 
volume;  to  foreign  subscribers,  $3.25. 

Announcement  is  further  made  of  the  following  offers,  made 
possible  by  the  existence  of  the  Christian  A.  Herter  Memorial 
Fund. 

1.  Individuals  known  to  be  engaged  in  biochemical  work  who 
subscribe  to  the  Journal  at  the  usual  rates  beginning  with  Volume 
XIV,  may  secure  Volumes  I-XIII  for  the  sum  of  $20.00,  plus  cost 
of  transportation.  The  price  at  which  a  complete  set  has  hitherto 
been  sold  is  $50.00  Applications  for  these  volumes  under  the 
terms  of  this  offer  should  be  sent  directly  to  the  Secretary,  Journal 
of  Biological  Chemistry,  Philadelphia,  Pa.,  and  should  be  accom- 
panied by  such  information  concerning  the  work  and  occupation 
of  the  applicant  as  will  enable  the  Directors  to  decide  whether 
he  may  pjoperly  be  included  within  the  intention  of  the  offer. 

2.  Individuals  or  Institutions  who  are  already  subscribers  to  the 
Journal  and  who  wish  to  complete  their  files  may  secure  early 
volumes  for  $1.50  each,  plus  cost  of  transportation,  while  the 
supply  of  back  numbers  reserved  for  this  purpose  remains  unex- 
hausted. 

The  Directors  of  the  Journal  specifically  reserve  the  right  to 
carry  out  the  distribution  of  the  Journal  under  the  terms  of  these 
offers  within  their  discretion  and  to  withdraw  the  offers  without 
notice  when  the  limited  number  of  volumes  available  shall  be 
exhausted. 

It  is  wholly  improbable  that  either  of  these  offers  can  ever  be 
repeated. 

A.   N.   RiCHAKDS, 

Secretary, 


ON  THE  INTENSITY  OF  URINARY  ACIDITY  IN  NORMAL. 

AND  PATHOLOGICAL  CONDITIONS. 

By  LAWRENCE  J.  HENDERSON  and  WALTER  W.  PALMER.^ 
(From  the  Chemical  Laboratory ^  Maesachuaeits  General  Hospital.) 

(Received  for  publication,  November  2,  1912.) 

The  researches  of  v.  Rohrer,  Hober  and  one  of  us^  have  shown 
that  both  normally  and  pathologically  the  true  acidity  (concen- 
tration of  ionized  hydrogen)  in  human  urine  is  subject  to  con- 
siderable inconstancy.  On  the  whole  the  variation  is  such  as  is 
characteristic- of  a  solution  containing  phosphoric  acid  and  base 
in  which  the  latter  ranges  from  that  amoimt  required  to  form 
monosodium  phosphate  to  nearly  that  amount  required  to  form 
disodium  phosphate;  and  such  fluctuation  in  the  urinary  phosphates 
is  in  fact  the  principal  cause  of  the  varying  acidity,  both  "actual" 
and  "potential." 

This  definite  information  might  well  suflSce  in  the  circumstances 
were  it  not  for  the  fact  that  the  intensity  of  urinary  acidity  is, 
among  several,  the  most  immediate  indication  of  the  magnitude  of 
a  process  which  constitutes  one  of  the  fundamental  regulating 
activities  of  the  organism:  the  carefully  balanced  excretion  of 
add  whereby  the  neutrality  of  the  body  is  preserved.'  Accord- 
ingly precise  and  numerous  data  of  urinary  acidity,  both  normally 
and  pathologically,  appear  to  be  desirable.  Fortimately  the 
researches  of  Sorensen  make  this  task  an  easy  one.  His  researches 
have  made  possible  the  convenient  use  of  a  considerable  variety 
of  indicators*  and  provided  ingenious  and  convenient  refinements 

*  Henry  P.  Walcott  Fellow  in  Clinical  Medicine,  Harvard  Medical  School. 

*  P finger' 8  ArchiVj  Ixxxvi,  p.  586, 1901;  Beitr.  z.  chem.  Physiol.,  iii,  p.  625, 
1903;  Biochem,  Zeitschr,,  xxiv,  p.  40,  1910. 

'  L.  J.  Henderson:  this  Journal^  ix,  p.  403,  1911. 

*  See  numerous  papers  in  Comptes  rendits  des  travaux  du  Laboratoire  de 
Carhberg. 
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which  enhance  their  accuracy.  Our  investigations,  recorded  m 
this  paper,  jdeld  a  confirmation,  if  such  be  necessary,  of  the  relia- 
bility of  these  methods. 

We  have  as  before  estimated  the  iu*inary  reaction  after  the  addi- 
tion of  indicators  by  matching  colors  of  urinary  samj^les  with 
those  of  standard  solutions  of  known  reaction.  The  standard 
solutions  were  made  up  as  follows: 


TARTJ?  I. 

NO. 

NaHsPOi 

NasHP04 

4-       t 

■D        1                                           INDICATOB 

^        t 

1 

O.IOOOn 

9.27    1 

2 

O.OOOlN 

0.0480N 

8.7 

*  Phenoiphthalein. 

3 

O.OOOlN 

0.0120N 

8.0 

'                                                       ' 

4 
5 

0.0166N 
O.OOIOn 

0.0833N 
0.0060N 

7.48 
7.38 

Neutral  red. 

6 

O.OOIOn 

0.0023N 

6.90       J 

1 

1 

CHjCOOH 

CHiCOONa 

• 

«  -^    > 

HnniHin   i\hf  Anne 

7 

0.0009N 

0.0920N 

6.70 

. 

8 

0.0023N 

0.0920N 

6.30 

Bulphonate. 

9 

0.0046N 

0.0920N 

6.00 

10 

0.0092N 

0.0920N 

5.70 

'  p-Nitrophenol. 

11 

0.0230N 

0.0920N 

5.30 

^ 

12 

0.0460N 

0.0920N 

4.90 

>  Methyl  red. 

13 

0.0920N 

0.0920N 

4.70 

4                      4 

* 

. 

In  recording  hydrogen  ion  concentration  it  appear^  to  be  both 
rational  and  convenient  in  the  present  case  to  use  logarithmic 
notation  as  employed  by  Sorensen  and  others,  rather  than  to 
record  the  actual  concentrations,  because  the  significant  variation 

is  in  the  logarithm  of  the  numbers  which  represent  the  quantity 

+ 
{K),    All  such  logarithms  are  of  course  negative  and  for  conveni- 
ence the  minus  sign  is  omitted.     The  following  table  presents  the 
conversion  of  the  logarithmic  notation  into  actual  concentrations 
of  ionized  hydrogen. 

Our  first  care  was  to  make  a  more  detailed  study  of  the  effect 
of  dilution  of  the  urine  upon  its  reaction  and  to  see  if  a  variety  of 
indicators  yielded  concordant  results.  It  soon  appeared  that  the 
reaction  of  undiluted  urine  could  be  readily  estimated  by  employ- 
ing colored  standard  solutions  (Sorensen's  method).    The  varying 
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TABLE  II. 


LOO. 


4.6 
4.8 
5.0 
5.2 
5.4 
5.6 
5.8 
6.0 
6.2 


i 

+ 
H 

250 

X 

10-7 

160 

X 

10-7 

100  X 

10-7 

63 

X 

10-7 

40  X 

10-7 

25 

X 

10-7 

16 

X 

10-7 

10  X 

10-7 

6.3 

X 

10-7 

LOO. 


H 


6.4 

4.0    X  10-7 

6.6 

2.5     X  10-7 

6.8 

1.6    X  10-7 

7.0 

1.0    X  10-7 

7.2 

0.63  X  10-7 

7.4 

0.40  X  10-7 

7.6 

0.25  X  10-7 

7.8 

0.16  X  10-7 

8.0 

0.10  X  10-7 

colors  of  urine  are  as  a  rule  easily  reproduced  in  standard  solutions 
with  all  desirable  accuracy  by  the  addition  of  p-nitrophenol, 
methyl  orange,  alizarine  sulphonate  or  bismark  brown.  There- 
after the  substance  which  is  to  be  used  as  indicator  may  be  added 
in  equal  concentrations  to  urine  and  colored  standard  solutions, 
and  that  one  of  the  latter  which  still  corresponds  to  the  urine  in 
color  may  be  selected. 

After  the  reaction  of  urine  has  been  estimated  in  this  maimer 
with  whatever  may  be  convenient,  it  is  an  easy  task  to  determine 
the  effect  of  dilutions  upon  the  reaction  by  diluting  both  urine  and 
standard  solution  equally.  The  following  table  presents  a  fair 
sample  of  our  data  of  the  reaction  of  diluted  and  undiluted  urine. 


TABLE  in. 


1 

REACTION 

WDICA.TOB 

INDICATOB 

Undlluied 

Diluted 

* 

5.40 

5.40 

1 

Para-nitrophe- 

6.70 

6.70 

, 

nol 

5.52 

5.52 

Sodium  alizarine 

5.82 

5.82 

sulphonate 

5.00 

5.00 

1 

5.00 

5.22 

Methyl  red < 

4.82 

5.00 

b 

5.12 
4.70 

5.30 
4.82 

Methyl  red 

BE  ACTION 


Undiluted  '    Diluted 


5.00 

5.00 

5.00 

5.00 

6.82 

6.82 

7.10 

7.10 

7.22 

7.22 

7.10 

7.10 

6.82 

6.82 

7.10 

7.10 

7.22 

7.22 

7.10 

7.10 
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TABLE  V. 


artJ 


1 
2 
3 
4 
5 
6 
7 
S 
9 
10 


sis 

goSg 


5.00 

5.18(?) 

5.22 

5.00 

5.18 

5.18 

5.18 

5.18 

5.00 

5.30 


I 


|S8? 


5.00 
4.82 
5.22 
5.00 
5.00 
5.18 
5.18 
5.18 
4.82 
5.22 


a 


-i 


f!  O  ^ 


5.00 
5.00 
5.22 
5.12 
5.30 
5.30 
5.30 
5.30 
5.18 
5.30 


S  M 

CO  tf 
P  o  .< 


5.00 
5.00 
5.22 
5.12 
5.18 
5.18 
5.18 
5.18 
5.00 
5.30 


s 


.^    ^ri    "^    ^^ 

S  ^  n    • 

gpsS 


5.00 
5.00 
5.22 
5.12 
5.00 
5.18 
5.18 
5.18 
4.82 
5.22 


885g 

d«  - 

gSS 


5.00 
5.00 
5.22 
5.12 
5.30 
5.30 
5.30 
5.30 
5.18 
5.30 


TABLE  VI. 


1 
2 
3 
4 
5 
6 
7 
8 
9 
10 


pgo 

8   5 

6.82 
7.10 
7.22 
7.00 
7.10 
.7.22 
7.10 
7.10 
7.45 
7.45 


6.82 
7.10 
7.22 
7.00 
7.10 
7.22 
6.82 
7.00 
7.10 
7.40 


6.82 
6.82 
7.22 
7.00 


7. 
7. 
7. 
7, 
7. 


10 
22 
10 
10 
45 


7.45 


6.82 
7.10 
7.22 
6.82 
7.10 
7.22 
7.10 
7.10 
7.10 
7.40 


^      ^k     u 

gHg 

1!1 

6.82 
6.82 
7.22 
7.00 
7.10 
7.22 
7.10 
7.10 
7.10 
7.45 


•<  m 


"  p 


6.82 
7.10 
7.22 

(?) 
7.10 

7.22 

(?) 

(?) 

(?) 
7.12 
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TABLE  Vn. 


These  results  not  only  justify  the  use  of  any  one  of  several  indi- 
cators^ but  also  give  added  assurance  of  the  reliability  of  the  meas- 
urements. Even  more  important  however  is  the  fact  that  the 
observations  are  at  any  time  subject  to  fmlher  experim^tal  inves- 
tigations, because  the  standard  solutions  can  at  any  time  be  repro- 
duced. It  is  also  to  be  noted  that  for  all  practical  purposes  the 
reference  of  urinary  reaction  to  such  a  series  of  solutions  is  quite  as 
satisfactory  as  reference  to  the  actual  hydrogen  ion  concentration. 

Having  in  this  manner  confirmed  the  earlier  work  and  f oimd  that 
the  possible  choice  of  indicators  is  a  large  one,  we  have  after  much 
experimentation  decided  upon  the  following  procedure  as  on  the 
whole  a  convenient  method  for  actual  use. 

A  number  of  250  cc.  flasks  of  good  glass  are  selected.  They  must  be  indis- 
tinguishable in  color  and  form.  In  each  of  ten  of  these  flasks  is  placed  a  10 
cc.  sample  of  one  of  the  standard  solutions,  the  voliunes  are  made  up  to 
250  cc.  with  distilled  water  and  an  aqueous  solution  of  alizarine  sulphonate 

'  Certain  difficulties  were  found  with  alizarine  sulphonate  in  albimiinous 
urine.  Methyl  red  and  p-nitrophenol,  however,  are  little  affected  by  the 
presence  of  albumen  and  so  may  be  depended  upon  in  these  cases.  In  the 
range  0.3  X  10"^  —  2.0  X  10~^  alizarine  sulphonate  changes  color  so  gradu- 
ally that  accurate  estimation  could  not  be  made.  Neutral  red,  however, 
is  very  satisfactory  in  this  range.  Similarly  p-nitrophenol  is  found  unsatis- 
factory in  the  range  of  50  X  10-^  and  200   X  10  ^ 
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of  sodium  is  added  until  the  concentration  of  the  indicator  is  about  0.0003 

per  cent  and  exactly  equal  in  all  cases.    10  cc.  of  urine  are  next  introduced 

into  another  flask  and  distilled  water  and  indicator  are  added.    The  color  of 

the  diluted  urine  solution  is  next  matched  with  one  of  the  standard  series. 

+ 
In  case  the  reaction  as  thus  measured  is  more  acid  than  5.3  ( (H)  »  50  X 

10-^)  further  tests  are  made  with  methyl  red;  for  the  range  5.3  —  6.7  (50 
X  10~^  —  2  X  10"^),  with  p-nitrophenol  and  with  neutral  red;  and  for  more 
alkaline  urines,  which  thus  far  have  been  encountered  only  after  the  admin- 
istration of  alkali,  with  phenolphthalein. ' 
+ 

A.  (H)  >  50  X  iO""^.    10  cc.  portions  of  standard  solutions  are  introduced 

into  carefully  selected  colorless  test  tubes  (measuring  in  our  experiments 
15.5  cm.  X  1.7  cm.)  and  10  cc.  of  iirine  is  introduced  into  another  tube. 
The  standard  solutions  are  each  colored  with  one  of  the  pigments  above 
mentioned  to  match  the  color  of  the  sample  of  urine.  In  case  the  pigment  is 
itself  an  indicator  within  this  range  the  necessary  amount  will  vary  with  the 
reaction  of  the  standard  solution. 

To  standard  solutions  and  urine  is  then  added  0.15  cc.  of  a  satiirated  solu- 
tion in  50  per  cent  alcohol  of  methyl  red,  and  the  color  is  matched. 

+ 

B.  60  X  10-^  {H)>tX  10'''.  The  estimation  is  carried  out  in  flasks  as 
with  alizarine  sulphonate,  using,  however,  p-nitrophenol,  0.08  per  cent. 

C.  5  X  10-''  (H)  >  0.S  X  10-'',    The  estunation  is  made  as  with  aliaarine 

sulphonate  but  employing  neutral  red,  0.0006  per  cent. 
+ 

D.  (H)  <  0.5  X 10-''.  Undiluted  urine  is  matched  in  test  tubes  against 
undiluted  standard  solutions  using  phenolphthalein  as  indicator  (without 
4>revious  coloration  of  standard  solutions). 

In  all  cases  estimations  are  made  in  duplicate. 

The  results  thus  far  obtained  are  tabulated  below. 


TABLE 

vm. 

Normal 

cases. 

5.30 

5.00 

5.82 

6.10 

6.82 

7.22 

6.70 

6.39 

6.52 

5.70 

5.12 

7.00 

7.22 

7.46 

5.62 

5.00 

6.30 

5.70 

6.30 

6.52 

7.22r 

6.70 

5.12 

4.82 

5.82 

6.88 

6.52 

7.46 

6.00 

6.52 

5.52 

6.00 

5.82 

5.40 

5.12 

5.30 

6.40 

6.30 

7. 45 

7.46 

5.52 

7.22 

5.45 

5.70 

6.00 

5.70 

5.82 

5.52 

5.70 

7.46 

5.82 

6.52 

5.12 

5.70 

5.30 

6.70 

5  40 

5.70 

5.40 

5.52 

5.70 

6.00 

5.40 

6.30 

6.82 

5.40 

5.12 

6.16 

5.70 

6.00 

6.82 

5.82 

7.22 

6.39 

5.30 

5.52 

6.15 

7.00 

6.82 

6.00 

6.39   . 

5.52 

6.70 

6.70 

5.40 

7.00 

6.52 

5.70 

5.40 

5.12 

7.00 

6.52 

5.70 

5.82 

6.70 

5.82 

6.52 
Average 

6.40 
,  6.03. 

5.70 

7.10 
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TABLE  XV. 
Acute  endocarditis. 

5.12  5.00  6.90  5.30  5.82 

Average,  5.63. 

TABLE  XVI. 
Diabetes  mellitus  (not  receiving  alkali), 

7.10  7.22  7.10  5.30 

Average,  6.65. 

TABLE  xvn. 
Peptic  vlcer, 

6.40  7.48  7.22  5.40  4.70 

Average,  6.04. 

TABLE  XVIII. 
Syphilis  (all  cases  with  secondary  symptoms), 

6.70  5.90  6.30  7.22  6.70 

Average,  6.56. 

TABLE  XIX. 
Appendicitis  with  operation  {acute  and  chronic,  without  peritonitis). 


6.70 

6.30 

5.70 

5.40 

5.30 

5.82 

5.12 

6.90 

5.70 

7.22 

5.40 

4.70 

5.52 

5.52 

6.82 

5.12 

4.70 

5.40 
Average,  5.62. 

TABLE  XX. 

Carcinoma. 

5.90 

• 

5.12 

/ 

Rectum 6.70  Stomach 7. 10 

Large  intestine 7.22  Cheek 7.00 

Large  intestine 6. 40  Gall  bladder 6.70 

Stomach 6.40  Rectum 5.30 

Breast 5.30  Breast 5.30 

Stomach 5.52  Penis 5.40 

Rectum 5.52  Intestine 6.82 

Intestine 6.82  Stomach 5.52 

Average,  6.00. 
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TABLE  XXT. 

(1)  Pernicious  anaemia. 

4.82 

5.12 

5.12              5.70 

5.30 

5.40 

7.10 

5.30              5.30 
Average,  5.45. 

(2)  Aplastic  anaemia. 

5.00 

5.82 

7.22 

"^ 

Average,  6.52. 

5.82 


(3)  Secondary  anaemia. 

Cause  (?) 5.30       Cause  (?) 5. 12 

Hemorrhoids 5.30       Cause  (?) 4.82 

Hemophilia 6.30 

Average,  5.37. 

TABLE  XXn. 

Sepsis, 


Abscess  of  thigh 5.23 

Empyema 5.23 

Septic  throat 5 .  12 

Peritonitis 4.82 

Septic  burns 5.40 

Septic  bums 5.30 

Peritonitis 5.40 

Alveolar  abscess 5.52 

Average,  5.25. 


Septic  scalp 7.52 

Osteomyelitis 6.40 

Septic  bums 5.70 

Tonsillitis 6.30 

Osteomyelitis  of  fibula 4.82 

Osteomyelitis 6.00 

Peritonsillar  abscess 5. 12 


TABLE  XXIIL 
Skin  diseases, 

ilei":^  «oster 7. 10       Eczema 7.40 

Epitndloma 5.40       Psoriasis 5.90 

Dermatiiis  venenata 6.82 

TABLE  XXIV. 

OenitO'Urinary  diseases. 


Pyuria  (cause?) 5.52 

Renal  calculus 7.12 

Renal  calculus 4.70 

Tubercular  kidney 6.70 

Pyelo-nephrosis 5.70 

Perinephritic  abscess 5.40 

Hypernephroma 4.70 

Tubercular  epididymitis 5 .  40 


Pyuria  (diag.  ?) 5.82 

Renal  calculus 5.12 

Pyuria  (diag.  ?) 6.82 

Double  colon  infection 5.40 

Tubercular  kidney 7.40 

Pyelitis 5.52 

Hjrpemephroma 6.40 

Tubercular  epididymitis 5.82 
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6.72 


6.70 


5.40 


TABLE  XXV. 

Arteriosclerosis  with  weak  heart. 

5.12  5.30  5.40 

Average,  5.37. 

TABLE  XXVI. 

Typhoid  fever, 

5.00  5.40  6.00 

Average,  5.85. 

TABLE  XXVIL 

Miscellaneous  cases. 


5.30 


5.00 


7.48 


Chorea  minor 5.82 

Hyperacidity 5.40 

Brain  tumor 6.10 

Diabetes  insipidus 5 .  12 

Addison's  disease 7.45 

Unexplained  temperature 5 .52 

Unexplained  temperature 5.52 

Unexplained  high  blood  pres- 
sure   5.52 

Tuberculous  peritonitis 5 .  40 

Elephantiasis 6.82 

Unexplained  vomiting 5.52 

Trichinosis 6.10 

Chronic  bronchitis 7 .45 

Chronic  bronchitis 6.52 

Acute  tonsillitis 7.00 

Acute  tonsillitis 5.70 

Cholelithiasis 5.82 

Brain  tumor 5.12 

Unexplained  vomiting 6.30 

Abdominal  tumor 5.52 

Abdominal  tumor 7.45 

Hyperacidity 7.45 

Lumbar  caries  with  abscess 6.00 

Tabes  dorsalis 5.30 

Acute  rheumatic  fever 5.30 

Plumbi&m 7.12 

Myelogeneous  leukemia 5.30 

Multiple  sclerosis 6.70 

Malaria 5.40 

Hodgkin's  disease 7.40 

Gastric  neurosis 6.52 

Plumbism 7 .48 

Trichinosis 4.70 

Unexplained  temperature 5 .  12 


Taenia  saginata 5.30* 

Taenia  saginata 5.30 

Tabes  dorsalis 6.82 

Unexplained  fever 5.52 

Chronic  arthritis 5. 12 

Chronic  arthritis 5 .  20 

Unexplained  fever 7 .48 

Tuberculous  meningitiB 5.30 

Dilatation  of  arch  of  aorta 7.00 

Neurasthenia 5.70 

Acute  rheumatic  fever  with 
chorea  and  aortic  regurgita- 
tion  : 7.48 

Trichinosis 6.00 

Phlebitis 5.00 

Hjrperacidity 6.52 

Sciatica  (cause?) 5.00 

Pyloric  stenosis  (cause  7) 7 .  40 

Chronic  rheumatism 5.52 

Acute  rheiunatic  fever fi«4ft^ 

Anaemia  with  enlarged  spleen'. 5. 52 
Bothriocephalus  latus.. . .  V! .  .5.82 

Chronic  rheiunatism /T 6 . 76 

Persistent  vomiting  r«  preg- 
nancy  7.48 

Persistent  vomiting  of  preg- 
nancy  7.00 

Persistent  vomiting  of  preg- 
nancy  5.70 

Persistent  vomiting  of  preg- 
nancy  5.40 

Pulmonary  tuberculosis 6. 10 

Pulmonary  tuberculosis  with 

pneiunothorax 5.52 

Chronic  rheumatism 7 .  10 
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TABLE  xxvm. 

Summary  of  averages  arranged  in  order  of  highest  acidities. 

♦Cardiac  decompensation .5.00 

Acute  nephritis 5.00 

Sepsis 5.25 

Pleurisy  with  effusion 5.35 

Secondary  anaemia 5.37 

Arteriosclerosis 5.^ 

Chronic  glomerulo-nephritis  with  cardiac  decompensation 5.38 

Pernicious  anaemia 5.46 

Appendicitis 5.02 

[Acute  endocarditis 5.63] 

Chronic  glomerulo-nephritis  without  cardiac  decompensation 5.70 

Typhoid  fever 5.85 

Carcinoma 6.00 

Normal  cases 6.03 

[Peptic  ulcer 6.04J 

[Lobar  pneumonia 6. 17] 

[Aplastic  anaemia 6.52) 

[Syphilis 6.56] 

(Diabetes  mellitus 6.65] 

Only  a  few  cases  were  observed  in  the  groups  with  brackets.  The  average 
of  57  cases  in  which  there  was  either  nephritis  or  cardiac  disease  or  both  is 
5 .  33.    This  amojints  to  a  five-fold  increase  in  the  acidity  of  the  urine. 

*  Including  a  number  of  observations  not  reported  in  this  paper. 

These  measurements  appear  to  establish  certain  facts: 

1.  The  variations  in  hydrogen  ion  concentrations  of  urines  are 
on  the  whole  such  as  have  been  previously  reported.  Normal 
urine  seems  to  range  from  a  concentration  of  ionized  hydrogen  of 
abo''^  4.82  to  one  of  about  7.45.  The  mean  value  is  almost  exactly 
6.00.  The  earlier  investigation  of  one  of  us  is  thereby  confirmed, 
but  a  wHer  variety  of  "normal"  cases  and  of  conditions  discloses 
a  greater    station  and  a  slightly  higher  mean. 

2.  Pathological  conditions  cause  occasionally  an  even  greater 
acidity  than  we  have  ever  observed  normally,  but  in  oiu*  experi- 
ence never  unusual  alkalinity.  Commonly  however  the  range  is 
within  normal  limits. 

3.  The  mean  acidity  in  cardio-renal  cases  is  undoubtedly  high— 
5.33 — corresponding  to  an  actual  concentration  of  hydrogen  ions 
50  X  10-^  mstead  of  10  X  10-^  the  normal  mean.  Such  dis- 
parity is  almost  certainly  significant  and  suggests  the  common 
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occurrence  of  a  condition  which  other  observations  lead  us  to  con- 
sider a  form  of  acidosis. 

4.  Various  other  pathological  conditions  appear  to  be  commonly 
accompanied  by  unusual  acidity  of  the  urine  but,  in  view  of  the 
normal  variations  and  the  consequent  need  of  large  numbers  of 
observations,  we  do  not  at  present  feel  justified  in  attempting  to 
classify  them. 

5.  In  those  pathological  conditions  of  which  we  have  thus  far 
statistics  in  numbers  sufficient  to  justify  a  concWsion,  the  mean 
value  of  the  acidity  of  the  urine  appears  never  to  fall  below  that  of 
normal  urine. 

We  wish  to  thank  Dr.  Frederick  C.  Shattuck  for  making  this 
work  possible,  and  Dr.  W.  F.  Boos  for  his  kindness  in  permitting 
the  use  of  the  Chemical  Laboratory.  Thanks  are  also  due  the 
members  of  the  visiting  staflf  and  others  of  the  Massachusetts 
General  Hospital  for  their  kindness  in  supplying  clinical  material. 
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THE  PROBLEM  OF  ENZYME  SYNTHESIS.  I. 
LIPASE  AND  FAT  OF  ANIMAL  TISSUES. 

By  H.  C.  BRADLEY. 

{From  the  Department  of  Physiology j  University  of  Wisconsin.) 

(Received  for  publication,  November  2, 1912.) 

Since  the  demonstration  of  the  reversibility  of  enz3rme  action  by 
Croft  HiU/  Kastle  and  Loevenhart,*  Pottevin,*  Hamsick,*  Taylor* 
and  others,  the  general  correspondence  between  enzyme  reactions 
and  those  catalyzed  by  inorganic  substances  has  been  conceded. 
The  true  catalytic  nature  of  the  enzymes  seems  beyond  question. 
Where  this  correspondence  appears  to  be  lacking  in  certain  details, 
as  in  the  hydrolysis  of  esters  by  lipase,  we  are  justified  in  conceiv- 
ing other  factors  operative  in  checking  or  destroying  the  enzyme 
before  the  reaction  has  a  chance  to  attain  equilibrium.  Under 
proper  conditions  therefore  it  seems  probable  that  all  hydrolytic 
eiiz3rmes  should  be  capable  of  synthesizing  the  substances  which 
they  hydrolyze  under  other  circumstances.  The  broad  biological 
significance  of  this  fact  was  pointed  out  by  Loevenhart  in  1902  in 
his  paper  dealing  with  Upase  and  lipogenesis.*  The  theory  there 
advanced  offered  biologists  a  most  attractive  explanation  of  the 
chemical  mechanism  involved  in  the  digestion,  absorption,  trans- 
portation, deposition  and  utilization  of  fats.  The  data  presented 
in  support  of  the  theory  seemed  adequate  to  convince  one  of  its 
tenability,  and  the  fact  that  it  has  been  so  widely  accepted  through- 
out the  scientific  world  indicates  the  general  applicability  of  the 
conception.    Indeed  it  may  be  said  that  the  theory  of  enzyme 

»  Croft  Hill:  Joum,  Chem.  Soc,  Ixxui,  p.  634,  1898. 
'  Kastle  and  Loevenhart:  Amer.  Chem.  Journ.y  xxiv,  p.  491,  1900. 
*Pottevin:  Compt.  rend.  Acad,  des  Sci.,  cxxxvi,  p.  1152,  cxxxviii,  p.  378, 
1903. 

*  Hamsick:  Zeitachr.f.  physiol.  Chem.,  lix,  p.  1,  Ixv,  p.  232, 1909. 

*  Taylor:  this  Journal,  iii,  p.  87,  1907. 

*  Loevenhart:  Amer.  Journ.  of  Physiol.,  vi,  p.  331, 1902. 
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synthesis  of  tissue  compounds  is  the  only  explanation  geneni^ 
held  and  taught  today  to  account  for  the  building  up  of  proUm, 
fats  and  carbohydrates. 

The  work  upon  the  synthesis  of  proteins  in  vitro  through  tiie 
agency  of  proteolytic  enzymes,  has  not  proven  adequate  to  the 
task  as  yet,  but  the  complexity  of  the  reactions  involved  and  the 
lack  of  those  modifying  influences  which  imdoubtedly  exist  in  the 
living  cell  are  suflScient  to  account  for  the  failures  up  to  the  present 
time.  But  while  no  one  has  succeeded  in  building  up  a  typical 
native  protein,  great  success  has  attended  the  efiforts  toward  the 
synthesizing  of  carbohydrates  and  fats.  The  work  of  Hamsiek' 
in  particular  may  be  cited,  for  he  has  succeeded  in  demonstrating 
a  30  per  cent  S3rnthesis  of  triolein  from  its  components.  He  has 
further  shown  that  the  presence  of  bile  salts  is  important  in 
facilitating  the  synthetic  reaction  just  as  the  hydroljrtic.  It  is 
not  necessary  to  multiply  examples  of  enzyme  syntheses  in  n(ro, 
since  the  fact  is  too  well  established  to  need  further  proof.  Atten- 
tion should  be  called  in  passing,  however,  to  the  conditions  under 
which  successful  reversions  take  place.  The  absence  of  water 
from  the  reacting  mixture  is  a  prime  necessity.  Croft  Hill*  used 
a  40  per  cent  dextrose  solution  in  his  synthesis  of  isomaltoee— 
a  concentration  far  above  anything  found  in  vegetable  sap,  so 
far  as  we  know.  Hamsick  used  pure  glycerine,  oleic  acid  and  diy 
pancreas  powder  in  accomplishing  his  notable  syntheses.  Tlie 
reason  for  the  small  yield  of  ethyl  butyrate  obtained  by  Kasde 
and  Loevenhart  was  undoubtedly  the  dilution  of  the  reacting 
mixture.  A  small  active  mass  of  water  is  as  important  in  syntheses 
catalyzed  by  enzymes  as  in  those  catalyzed  by  mineral  acids  for 
example.  Concentrated  sulphuric  acid,  pure  fatty  acids  and  alco- 
hols are  commonly  used  in  laboratory  ester  syntheses,  because 
under  these  conditions  the  mass  of  water  is  kept  at  a  minimum  and 
the  hydrolytic  reaction  is  correspondingly  small.  It  is  well  known 
that  a  mixture  of  ester,  water  and  mineral  acid  tends  toward 
hydrolysis  rather  than  toward  the  reverse  reaction  so  long  as  the 
water  is  above  a  certain  proportion.  It  has  been  shown'  similarly 
that  pancreatic  lipase  tends  toward  the  complete  hydrolysis  o! 

^  Hamsick:  loc.  cit, 

•Croft  Hill:  loc.  ciL 

•  Bradley:  this  Journal,  viii,  p.  251, 1910. 
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triolein  if  water  is  present  to  the  extent  of  50  per  cent  of  the  react- 
ing mixture,  and  the  more  water  present  the  more  rapid  is  the 
hydrolysis.  If  less  than  50  per  cent  of  water  is  present  equilib- 
rium is  reached  before  hydrolysis  is  complete.  It  requires,  how- 
ever, a  relatively  small  amount  of  water  to  secure  a  relatively  large 
degree  of  hydrolysis  and  conversely  a  high  degree  of  desiccation  is 
necessary  to  produce  noteworthy  syntheses^This  fact,  however, 
does  not  exclude  the  possibility  of  enzyme  syntheses  in  cells  where 
the  total  water  content  approximates  80  per  cent,  since  there  is 
abundant  evidence  of  the  fact  that  concentrations  in  localized 
portions  of  the  cell  may  be  far  greater  than  in  other  adjacent  por- 
tions. The  probable  foam-structure  of  c3rtoplasm,  the  adsorption 
phenomena  at  the  boundaries  of  different  phases,  gives  us  a 
mechanism  which  appears  adequate  to  explain  why  at  one  point 
in  a  cell  fat  may  be  synthesized  from  its  components,  while  at 
another  point  it  may  be  imdergoing  hydrolysis  at  the  same  time. 
Such  data  as  have  been  presented  by  Macallum  on  the  localiza- 
tion of  potassimn  and  other  salts  in  growing  structures,  may  be 
dted  as  proof  of  the  possibility  of  attaining  high  concentrations  of 
soluble  and  diffusible  substances  in  sharply  localized  areas  of  the 
cell.  The  familiar  formation  of  excretory  vacuoles  in  the  uni- 
cellular organisms,  where  water  charged  With  products  of  metabo- 
lism collects  and  grows,  moves  to  the  periphery  of  the  cell  and 
discharges  into  the  surrounding  medimn,  is  a  striking  example  of 
this  phenomenon. 

So  far  therefore  it  seems  quite  possible  to  visualize  in  a  crude 
way  a  mechanism  by  which  sjmtheses  by  means  of  enzymes  can 
take  place  in  cells  whose  water  content  as  a  whole  is  too  high  to 
admit  of  this  result  onc6  the  cell  structure  is  lost  or  disturbed. 
The  theory  requires  a  complexity  of  structure  and  reaction  which 
is  abundantly  borne  out  by  other  facts.  The  theory  has,  however, 
never  been  given  that  close  scrutiny  which  so  broad  a  working 
hypothesis  deserves.  Very  little  has  been  done  to  establish  it 
beyond  proving  the  true  catalytic  nature  of  enzyme  reactions. 
It  has  therefore  seemed  advisable  to  secure  data  upon  this  impor- 
tant phase  of  metabolism,  confirming  or  disproving  the  theory  as 
the  case  may  be.  At  the  outset  it  has  been  evident  that  the 
methods  of  actually  scrutinizing  tissue  syntheses  are  difficult  and 
imcertain  of  interpretation,  and  that  no  single  reaction  or  series 
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of  reactions  from  a  single  point  of  view  can  be  found  sufficient  to 
the  task  unless  the  results  are  clearly  positive.  Where  results  are 
equivocal  or  negative  the  question  must  still  remain  open,  because 
of  the  complexity  of  the  reacting  media  and  the  sensitiveness  of 
enzyme  reactions  in  general.  It  was  hoped,  however,  that  by 
attacking  the  problem  from  a  variety  of  angles  enough  data  might 
be  secured  to  give  basis  for  the  ultimate  acceptance  of  the  hypothe- 
sis upon  more  than  a  hypothetical  basis  or  for  its  rejection  as  inad- 
equate to  explain  the  facts. 

Before  attempting  a  critique  of  the  theory  it  might  be  weD 
to  state  it  in  the  terms  generally  accepted  by  biologists.  For 
purposes  of  defining  the  problem  I  have  taken  the  presentation  of 
the  theory  given  by  Wells  in  his  Chemical  Pathology,^**  "AH 
metabolism,  then,  may  be  considered  as  a  continuous  attempt 
at  establishment  of  equilibrium  by  enz3rmes,  perpetuated  by  pre- 
vention of  attainment  of  actual  equilibriiun  through  destruction 
of  some  of  the  participating  substances  by  oxidation  or  through 
other  chemical  processes,  or  by  removal  from  the  cell  or  entrance 
into  it  of  materials  which  overbalance  one  side  of  the  equaticm." 
In  other  words  the  intracellular  enzymes  which  are  present  in 
every  living  cell,  lipase,  diastase,  proteases,  etc.,  function  as  hydro- 
lytic  and  as  synthetic  agents.  Under  certain  conditions,  depend- 
ent upon  the  active  masses  of  the  compounds  involved,  fats, 
carbohydrates  and  tissue  proteins  may  be  built  up  and  stored  in 
the  cell.  Under  other  conditions,  these  same  substances  will  be 
hydrolyzed  to  simpler  compounds  as  an  initial  step  in  utilization 
and  catabolism.  All  of  the  strictly  reserve  deposits  of  fat,  carbo- 
hydrate and  protein  are  assumed  to  be  built  up  in  this  way  in 
times  of  nutritional  abundance.  The  store  of  glycogen  in  the 
liver  following  a  carbohydrate-rich  meal,  the  deposits  of  starch  and 
oil  in  seeds,  the  laying  on  of  adipose  tissue  in  animals,  may  be 
instanced  as  cases  in  point.  All  such  deposits  are  subsequently 
hydrolyzed  and  removed  as  conditions  of  nutritional  want  are 
experienced.  The  glycogen  quickly  diminishes  in  the  liver  of  the 
starving  mammal,  the  oil  and  starch  undergo  hydrolysis  as  the 
seed  germinates  and  the  fatty  tissues  diminish  in  the  Tni^mmftl  to 
maintain  bodily  heat  and  energy.  The  diastase  of  the  liver, 
lipase  and  diastase  of  the  seed,  the  lipase  of  active  adipose  tissue, 

"  H.  G.  Wells :  Chemical  Pathology,  p.  68. 
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are  already  well  known.  The  proteases  of  cells,  which  after  death 
accomplish  the  digestion  of  the  cell  proteins,  during  life  may 
fmiction  in  both  hydrolysis  and  synthesis,  and  thus  be  responsible 
for  the  building  up  of  the  characteristic  tissue  proteins.  Why  the 
proteases  of  one  cell  build  up  muscle  proteins  and  those  of  another 
connective  tissue  we  cannot  explain  except  upon  the  ground  of 
specificity  of  enzymes  and  the  complex  jof  conditions  existing  in 
diflferent  cells  exerting  a  directive  action  upon  the  steps  involved 
in  synthesis. 

In  a  general  way,  then,  we  find  cells  equipped  with  enzymes 
capable  of  performing  their  synthetic  reactions.  Also,  but  to 
a  lees  striking  degree,  those  cells  which  are  most  actively  engaged 
in  the  synthesis  of  a  given  compound  seem  to  be  equipped  with 
more  of  the  necessary  enzyme  than  are  other  cells  less  actively 
engaged  in  this  particular  type  of  metabolism. 

There  are  many  exceptions  already  known  to  this  statement, 
but  they  are  generally  assimied  to  be  simply  exceptions  in  no 
way  invalidating  the  general  hypothesis.  It  is  certain  that  a 
general  correlation  between  the  lipase  of  tissues  and  their  activity 
in  fat  metabolism,  as  expressed  by  their  fat  content  in  periods  of 
plenty,  would  do  much  to  strengthen  our  belief  in  the  theory.  At 
the  same  time  fat  content  alone  is  not  an  indication  of  the  fat 
metabolism  of  the  organ;  vascularity,  lymph  supply  and  other 
indications  of  the  activity  of  an  organ  must  be  taken  into  considera- 
tion. In  homologous  organs,  such  parallelism  however  would  be 
in  the  nature  of  positive  evidence  in  favor  of  the  hypothesis.  On 
the  other  hand,  lack  of  such  parallelism  would  not  necessarily 
weaken  the  theory,  because  of  the  presence  of  so  many  unknown 
factors  in  the  cell  itself.  Lack  of  such  parallelism  would  however 
weaken  the  force  of  any  argument  based  upon  its  previous  assump- 
tion. We  have  chosen  the  distribution  of  fat  and  lipase  as  our 
first  point  of  inquiry  chiefly  because  in  Loevenhart's  original  work 
on  the  subject  a  certain  degree  of  parallelism  was  found.  Thus, 
active  mammary  gland  was  more  active  lipolyticaJly  than  resting 
and  subcutaneous  adipose  tissue  was  more  active  than  muscle 
or  kidney  fat.  It  seemed  desirable  to  extend  these  observations 
over  a  much  wider  field  and  to  determine  whether  in  a  broad  sense 
there  is  any  relation  between  fat  content  and  lipase  activity. 

A  preliminary  examination  of  a  considerable  number  of  tissues 
secured  from  a  wide  variety  of  species  of  marine  animals  was  made 
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at  Woods  Hole  in  191 1 .  Lipase  was  estimated  in  the  usual  way  by 
making  up  a  definite  weight  of  tissue  '^Brei"  to  a  standard  volume^ 
adding  a  soluble  ester,  ethyl  butyrate,  and  titrating  the  adcKfy 
developed.  After  a  period  of  three  days  the  Upase  reaction  has 
usually  reached  equilibrium,  so  that  the  acidity  at  the  ^d  of 
that  time  represents  roughly  the  amount  of  Upase  present.  Pat 
was  extracted  from  another  weighed  portion  of  the  fresh  tissue 
by  boiling  alcohol  and  ether.  The  extracts  dried  at  105°  were 
reextracted  with  ether,  evaporated  in  a  weighed  capsule  and  dried 
to  constant  weight.  The  results  from  this  preliminary  surv^ 
are  not  considered  accurate,  but  they  are  sufficiently  so  to  indicate 
that  a  correlation  b^ween  Upase  and  fat  content  in  the  tissues 
examined  does  not  exist.  Some  of  the  tissues  richest  in  fat  are 
poorest  in  lipase,  and  vice  versa.  The  following  table  contains  a 
few  of  these  results. 

TABLE  I. 


NO. 


TI8BUB 


FAT  FBOlf  5  ORA1C8 


"BBBI" 


1 
2 
3 
4 
5 

6 

7 

8 

9 

10 

11 

12 

13 


Shark  liver 

Dog  fish  Hver. . . 
Dog  fish  liver. , . 

Shark  liver 

Shark  liver 

Dog  fish  liver. . . 
Flounder  liver. . . 
Squeteague  liver 
Limulus  liver . . . 
Shark  sperm. . . . 

Shark  kidney 

Shark  pancreas. . 
Limulus  blood.. . 


grams 

2.34 
2.28 
2.19 
2.16 
1.39 
1.15 
1.09 
0.84 
0.16 
0.10 
0.06 
0.03 
0.02 


jj^  ACXDirr  DEV«LOPBO 

BT6<imAm*'Bmxt"iif 

100  OC.  WATSB.  2  oc. 
■THTL  BUTTKATS 


CC, 

0.30 
0.50 
1.40 
0.20 
0.40 
0.90 
2.00 
0.85 
0.70 
0.40 
0.30 
0.60 
0.30 


It  will  be  seen  that  while  the  lipase  content  of  shark  liver  and 
Limulus  blood  is  exactly  the  same,  the  fat  of  the  former  is  one 
hundred  times  greater  than  that  of  the  latter.  Again,  No.  6, 
dog  fish  liver,  contains  one-half  the  fat  that  shark  liver,  No.  1, 
contains  but  its  lipase  number  is  three  times  as  great.  Flounder 
liver  contains  less  than  one-half  the  fat  of  shark  liver  but  seven 
times  the  amount  of  lipase. 
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A  comparison  of  such  figures  as  those  in  Table  I  is  not  however 
satisfactory.  The  lipase  is  presumably  associated  with  the  proto- 
plasmic portion  of  the  cell  contents — ^the  dry,  fat-free  proteins. 
A  comparison  of  shark  liver,  which  is  about  50  per  cent  fat,  with 
other  tissues,  which  contain  little  or  no  fat,  on  a  basis  of  fresh 
tissue  weight  is  obviously  incorrect.  The  real  protoplasmic  basis 
of  fresh  shark  liver  must  be  much  less  than  that  of  mammalian 
liver,  for  example,  and  a  comparison  of  the  lipolytic  activity  of 
the  two  would  appear  to  make  the  mammalian  liver  tissue  more 
active  than  it  actually  is.  Furthermore  the  introduction  of  the 
insoluble  ester  triolein  along  with  the  shark  liver  "Brei"  must 
introduce  a  further  error  of  comparison  the  extent  of  which  we  do 
not  know.  In  comparing  aUquots  titrated  with  tt  NaOH  and  tt 
KOH  (alcoholic),  it  was  found  that  the  acidity  in  the  alcoholic 
titration  was  frequently  nearly  double  that  of  the  water  solution. 
EMdently  the  lipase  acts  on  both  the  soluble  and  the  insoluble 
ester  at  the  same  time  and  at  approximately  the  same  rate.  If 
there  were  no  fat  introduced  along  with  the  "Brei"  it  would  seem 
reasonable  to  assiune  that  the  ethyl  butyrate  would  be  hydrolyzed 
more  rapidly.  It  is  fair  to  state  however  that,  after  making  all 
possible  allowance  for  this  latter  factor,  the  general  results  would 
remain  quite  unmodified. 

A  second,  more  accurate  investigation  was  made,  with  a  view 
to  determining  what  corrections  should  be  made  on  the  basis  of 
protein  or  protoplasmic  contents  of  the  tissues  examined.^^  Fat 
was  estimated,  the  dry  weight  of  the  tissues,  and  the  lipase  activ- 
ity. Calculating  the  dry,  fat-free  weight  of  the  tissues  it  is  seen 
that  a  wide  range  exists — ^from  4  to  40  per  cent.  We  may  assume 
that  20-25  per  cent  represents  about  the  average.  Then  a  tissue 
like  shark  liver  which  may  contain  as  Uttle  as  4  per  cent  fat-free 
substance,  represents  only  about  one-fifth  or  one-sixth  of  the 
amount  of  active  tissue  found,  for  example,  in  porpoise  liver.  As 
has  been  shown,  the  law  of  Schtitz  holds  approximately  through  a 
considerable  range  of  enzyme  concentration:  the  height  of  diges- 
tion varies  with  the  square  root  of  the  enzyme,  when  equilibrium 
is  allowed  to  be  attained.  Accordingly  four  times  the  enzyme 
present   should   double   the   acidity   developed   at   equilibrium. 

"  I  wish  to  acknowledge  the  valuable  assistance  of  Mr.  Eugene  Kellers- 
berger  in  securing  these  data. 
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TABLE  n. 


NO. 


8PKCISS 


1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

16 

16 

17 

18 

19 

20 

21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 


Porpoise 

Tautaug 

Pogy 

Dog  fish 

Dog  fish 

Shark 

Shark 

Skate 

Skate 

Shark 

Shark 

Dog  fish 

Shark 

Shark 

Dog  fish 

Shark 

Sycotypus  — 

Sycotypus 

Star  fish 

Limulus 

Limulus 

Tautaug 

Tautaug 

Sycotypus . . . . 

Sycotypus 

Skate 

Limulus 

Skate 

Sycotypus 

Pogy 

Dog  fish 

Pogy 

Dog  fish 

Dog  fish 

Dog  fish 

Shark 

Shark 


TmUB 

< 

5 

S 

£ 

8 

■o 

il 

1 

X 

! 

8 

>i§s 

per  cent  per  ceiU  per  ceni 

cc. 

1 

liver 

5.06  26.44 

21.38 

9.20 

9  20 

liver 

49.20 

460 

'  4  60 

liver 

13.37 

4.00 

400 

liver 

39.35 

52.58 

13.23  1.80 

2       3  60 

liver 

34.69 

3.15 
3.38  0.50 

.  3.15 

liver 

63.14 

66.52 

7    ;  3  50 

liver 

62.58 

66.52 

3.94|0.40 

6    '  2  40 

liver 

12.50 

2.30 

230 

liver 

16.45 

2.10 

2  10 

liver 

45.49 

56.45 

10.96  0.65 

2       1.30 

liver 

45.59 

56.78 

11.19 

0.65 

2       1  30 

liver 

29.72 

50.56 

20.84 

1.25 

1  25 

liver 

58.12 

65.86 

7.74 

0.40 

3 

1.20 

liver 

37.70 

49.88 

12.18 

0.60 

2 

1.20 

liver 

17.24 

1.15 

1  1  16 

liver 

51.58 

60.70 

9.12 

0.50 

2    1  1.00 

liver 

7.91 

32.97 

25.06 

1.70 

1.70 

liver 

5.23 

29.97 

24.74 

1.00 

1.00 

dig.  gland 

15.78 

36.03 

20.25 

1.00 

1.00 

dig.  gland 

2.83 

13.48 

10.65 

0.30 

2 

0.60 

muscle 

0.79 

21.09 

20.30 

1.40 

1.40 

muscle 

0.90 

20.42 

19.52 

1.20 

1.20 

muscle 

0.90 

0.90 

0.90 

radula  mus. 

1.62 

0.65 

0.65 

pedal  mus. 

0.95 

26.89 

26.00 

0.50 

050 

muscle 

0.60 

0.50 

0.50 

muscle 

0.76 

13.85 

13.09 

0.50 

2 

1.00 

muscle 

0.78 

31.71 

20.29 

0.40 

0.40 

pedal  mus. 

0.78 

24.67 

23.89 

0.30 

030 

red  mus. 

8.80 

28.13 

19.33 

0.30 

1  0.30 

muscle 

1.25 

0.25 

0.25 

white  mus. 

1.33 

22.00 

20.67 

0.20 

0.20 

muscle 

0.70 

21.38 

20.68 

0.15 

lO  15 

white  mus. 

1.01 

23.80 

22.79 

0.00 

■0.00 

red  mus. 

2.65 

0.20 

0.20 

muscle 

0.74 

0.00 

0.00 

heart  mus. 

2.93 

0.25 

0.25 
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TABLE  II->ConUnued. 


sro. 


38  ' 

39 

40 

41 

42 

43 

44 

45 

46 

47 

48 

^ 

50 

51 

52 


Liinulus 

Limulus 

Skate 

Star  fish 

Skate 

Skate 

Shark 

Tautaug 

Shark 

Shark 

Limulus 

Limulus 

Shark 

Sycotypus 

Sycotypus 


TI88UB 


i 


eggs 

eggs 

eggs 

eggs 

ovaries 

albimi.  gland 

testis 

testis 

spleen 

spiral  valve 

blood 

blood 

blood 

blood 

blood 


s 

i 


percent 

8.29 

8.90 

6.17 

3.38 

3.92 

2.59 

3.42 

2.92 

2.31 

2.40 

0.00 

0.01 

0.241 

0.31 

0.02 


pereeni 

49.00 
48.95 
33.15 
11.49 

34.58 


S 


pereerU 

40.71 

40.05 

26.92 

8.11 

31.99 


S  M 


1.50 
1.30 
0.70 
0.30 
1.60 
1.00 
4.10 
0.90 
2.30 
0.90 
0.90 
0.45 
0.15 
0.00 
0.00 


8 


8 


g 

H 


i 

i 


0.75 
0.65 
0.70 
0.90 
1.60 
1.00 
4.10 
0.90 
2.30 
0.90 
0.90 
0.45 
0.15 
0.00 
0.00 


Since  this  proportionality  is  not  a  strict  one  and  only  holds  through 
a  limited  range  of  variation  of  the  enzyme,  we  have  decided  to 
give  every  possible  advantage  to  the  tissues,  poor  in  protoplasmic 
residue,  in  the  tabulated  comparisons.  We  have  therefore  assumed 
a  direct  or  linear  relation  between  enzyme  and  acid  developed. 
As  will  be  seen  in  the  preceding  table,  even  this  excessive  correction 
allowance  fails  to  account  for  the  differences  which  we  find  between 
homologous  organs  of  different  species,  nor  does  it  greatly  lessen 
the  striking  lack  of  correlation  between  fat  and  lipase. 

Graphs  have  been  prepared  to  show  the  relationship  between 
lipase  and  fat,  segregating  the  figures  for  muscle,  liver,  digestive 
glands,  eggs,  etc.    The  lack  of  parallelism  is  quite  evident. 

It  may  be  suggested  that  the  comparison  of  tissues  from  widely 
different  species  of  animals  is  hardly  a  fair  one.  The  function  of 
the  liver  of  the  teleost  must  be  very  different  quantitatively  at 
least  from  that  of  the  mammal.  Shark  and  dog  fish  livers  are 
always  fomid  rich  in  fat,  while  mammalian  liver  is  uniformly  poor. 
But  a  series  of  figures  limited  to  sharks  and  dog  fishes  still  shows 
no  parallelism  between  the  fat  and  lipase. 
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LZTXB  TlflSUB. 


No.    1 


9 


18       1«       17 


10 


MUSGLK. 


imCXLLANSOUS  TIBBTni. 


No.   21 
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In  the  following  table  are  presented  some  miscellaneous  figures," 
which  cannot  be  strictly  compared  with  those  of  preceding  tables 
since  the  digestions  were  carried  on  at  37**  instead  of  25**. 


TABT.E  ni. 

spKcns 

TXSSTTB 

jj^  ACIDITY  PER 
5  OC.  AUQUOT 

FAT 

Cat 

liver 

liver 

liver 

liver 

liver 

lung 

kidney 

heart  muscle 

spermatoid 

mammary  (active) 

mammary  (active) 

brain 

blood 

thoracic  lymph 

ee. 

7.80 
6.40 
6.20 
5.00 
3.40 
4.80 
4.00 
2.90 
2.70 
1.90 
1.50 
1.10 
•     0.80 
0.07 

percent 
7  01 

Rabbit 

4  00 

DoK 

3  23 

Perch 

4.52 

Shad 

13  00 

Calf 

2.44 

Beef 

2  17 

Calf 

2.27 

Shad 

2  40 

Cow 

11.00 

Goat 

4.30 

Calf 

4.72 

Goat 

0.12 

Dog 

0.78 

o*  •• 

Attention  should  be  called  to  the  interesting  observation,  which 
I  have  frequently  confirmed,  that  active  mammary  tissue  is  less 
rich  in  lipase  than  mammalian  Uver,  and  even  than  heart  muscle, 
beef  kidney  and  calf  lung,  although  it  is  richer  in  fat  than  these 
tissues  and  is  daily  secreting  very  large  amounts  of  fat  in  the  milk, 
in  addition.  Instead  of  being  unusually  rich  in  lipase  on  account 
of  its  active  secretion  of  fat,  it  is  found  to  be  about  on  a  par  with 
such  other  tissues  as  fish  ovaries  and  testes,  spleen,  brain  and  other 
^and  structures  of  mammals  and  invertebrates.  Compared  with  a 
large  niunber  of  tissues  active  mammary  gland  is  not, a  tissue  rich 
in  lipase;  it  is  only  twice  as  active  as  blood  itself.  The  fact  that 
active  mammary  tissue  is  richer  in  lipase  than  inactive,  as  was 
pointed  out  by  Loevenhart,  is  probably  due  in  large  measure  to 
its  hyperplastic  condition  during  lactation.  It  is  certain  that 
the  secreting  epithelial  cells  are  far  more  abundant  in  the  active 
gland  than  in  the  resting  one,  so  that  a  given  weight  of  active  gland 
tissue  must  contain  a  far  greater  proportion  of  gland  cells  and 

^  Data  collected  by  Clarence  Schuldt  for  graduation  thesis.    1912. 
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DUSTASB  AND  GLYCOGBN  OF  ANIliAL  TISSUES. 

By  H.  C.  BRADLEY  and  E.  KELLERSBERGER. 
(From  the  Department  of  Physiology ^  University  of  Wisconsin,) 

(Received  for  publication,  November  2, 1912.) 

In  a  recent  paper  by  Hugh  MacLean,^  diastatic  activity  of  mam- 
malian tissues  was  reported  to  have  the  following  order:  kidney, 
lungSy  liver,  heart,  stomach  and  bladder  and  skeletal  muscles. 
There  were  individual  and  species  variations  found,  but  the  aver- 
age diastatic  activity  was  in  the  order  named.  It  is  interesting 
to  note  that  kidney  and  lung  tissues  which  are  most  active,  are 
seldom  foimd  to  contain  more  than  traces  of  glycogen,  if  any. 
Muscles,  which  are  least  active  diastatically,  frequently  are  quite 
rich  in  glycogen  and  normally  contain  some  of  that  carbohydrate. 
MacLean  pointed  out  the  lack  of  correlation  between  glycogen 
storage  and  diastatic  activity  in  the  tissues  examined. 

We  have  extended  this  field  of  inquiry  to  include  a  number  of 
lower  forms  known  to  be  rich  in  glycogen.  For  example  the  muscle 
tissues  of  molluscs  are  usually  very  rich  in  glycogen,  so  much  so 
indeed  that  it  makes  one  of  the  best  sources  for  the  preparation  of 
large  amoutits  of  this  substance.  Are  such  muscles  proportion- 
ately rich  in  diastase? 

MacLean's  method  of  preparing  the  tissues  for  examination 
was  followed.  The  living  tissue  was  ground  fine  into  a  large  excess 
of  alcohol  and  kept  thoroughly  mixed.  The  alcohol  was  changed 
several  times  in  twenty-four  hours,  pressing  the  pulp  dry  each  time 
in  a  meat  press.  At  the  end  of  this  period  the  tissue  was  washed 
quickly  with  ether  and  gasoline  to  remove  alcohol  and  fats,  pressed 
dry  and  spread  out  in  thin  layers  on  filter  paper  in  a  current  of 
air.  The  dry  pulp  was  re-ground  and  sieved.  Two  grams  of 
this  powder,  25  cc.  of  a  stock  starch  solution  used  throughout  the 
experiments  and  a  little  toluene  were  made  up  to  100  cc.    The  time 

^MacLean:  Biochem,  Journ.,  iv,  p.  467.    1909. 
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required  for  the  disappearance  of  the  starch  and  the  ersrthro- 
dextrin  reactions  was  used  as  the  indication  of  the  activity  of  the 
diastase  present.  We  have  also  used  glycogen  solutions  for  diges- 
tion but  have  found  such  complete  parallelism  between  the  starch 
and  glycogen  digestions  that  the  former  has  been  adopted  in 
our  routine  examinations.  It  is  believed  that  for  comparative 
purposes,  such  as  these  experiments  require,  the  change  tt)  achroo- 
dextrin,  as  indicated  by  the  iodine  reaction,  is  as  valuable  as  a 
quantitative  detfermination  of  sugar  at  the  end  of  a  fixed  time. 

Glycogen  was  estimated  in  a  weighed  sample  of  the  tissue 
powder  by  the  Pfltiger  method,  boiling  with  strong  alkali  for  two 
hours,  precipitating  with  alcohol,  redissolving  and  reprecipitating 
several  times,  and  finally  weighing  the  purified  substance  dried  to 
constant  weight.  Where  traces  only  could  be  foimd  they  were 
used  for  qualitative  reactions  for  the  identification  of  the  substance 
as  glycogen.  In  a  few  cases  where  only  a  limited  amount  of  the 
tissue  could  be  obtained  the  fresh  "Brei"  was  used  for  the  detec- 
tion of  diastase. 


NO. 


spEoisa 


1 

2 
3 
4 
5 
6 
7 
8 
9 
10 

11 
12 
13 
14 
15 
16 
17 
18 


Pecten 

Sycotypus 

Rat 

Limulus 

Sand  shark.... 
Sand  shark. .. . 

Limulus 

Limulus 

Dogfish 

Pecten 

Squid 

Dog  fish 

Sand  shark.... 
Squeteague . . . 

Lobster 

Sand  shark . . . 

Sycotypus 

Swordfish 


TIMUB 


liver 

liver 

liver 

liver 

liver 

liver 

eggs 

muscle 

liver 

muscle 

muscle 
muscle 
muscle 
muscle 
muscle 
muscle 
muscle 
muscle 


DRT 
WaiOHT 


ffTtunt 

2 
2 
2 
2 
2 
2 
2 
2 
2 
2 

2 
2 
2 
2 
2 
2 
2 
2 


37min. 

47  min. 

60  min. 

90  min. 
240  min. 
480  min. 
570  min. 

2J  day 
5  days 
5  days? 

5  days? 

6  days? 

7  days? 
7  days? 

7  days? 

8  days? 
8  days? 

? 


OLTCOOBN 

pcrceni 

trace? 

1.15 

trace  i 

none  ' 

none 

none 

2.57 

trace 

1.35 

4.62 

none 

0.20 

none 

trace 

none 

none 

3.78 

none 


BBMABU 


er3rthro- 
dex.* 


blue-purple. 


*  Where  a  question  mark  appears  It  Indicates  that  no  sure  Indication  of  digestion  ooald  bs 
detected  at  the  end  of  the  time  given  to  that  experiment.  In  the  two  cases  noted.  Nos.  10  and 
17,  there  was  some  slight  Indication  of  change  In  the  starch  solution,  though  in  17  It  was  not 
clear  whether  It  was  due  to  digestion  of  starch  or  not. 
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KO. 


spsasfi 


19 
20 
21 
22 
23 
24 
25 
26 
27 
28 


Sycotypus . . . 

Shark 

Sycotypus . . . 

Squid 

Squid 

Squeteague.. 

Lobster 

Lobster 

Sycotypus . . . 
Shark 


TIOSUB 

FRXBR 
WKIQHT 

granu 

muscle 

10 

muscle 

10 

blood 

75 

liver 

3 

blood 

25 

liver 

3 

liver 

25 

blood 

25 

liver 

10 

liver 

10 

TIMB 

OLTCOOKN  , 

8  days  ? 

1 

0.68 

3  days 

trace 

3  days 

none 

5  days 

none 

3  days 

none 

3  hours 

trace 

3  hours 

trace 

? 

none 

3  hours 

none 

5  hours 

none 

RBMABXB 


An  analysis  of  the  results  shows  in  the  first  place  that  the  treat- 
ment to  which  the  tissues  are  subjected  in  drying  and  rendering 
them  fat-free,  does  not  greatly  alter  the  diastatic  activity;  com- 
pare 2  and  27;  4,  6  and  28.  It  is  improbable  therefore  that,  by 
this  treatment,  diastase  has  been  destroyed  in  any  of  the  tissues 
which  fail  to  digest  starch. 

In  the  second  place,  the  most  active  tissues  diastatically,  Pecten, 
Sycotypus,  rat,  limulus,  and  shark  livers  and  Limulus  eggs,  do 
not  all  contain  glycogen.  It  is  quite  probable  however  that  in 
periods  of  nutritional  plenty  these  tissues  might  all  contain  glyco- 
gen, since  with  one  exception  they  are  livers  or  digestive  glands 
which  are  believed  to  function  like  the  liver  in  storing  glycogen. 
On  the  other  hand,  the  least  active  tissues  are  the  muscles.  With 
the  exception  of  Limulus  muscle  (which  contains  no  glycogen) 
these  tissues  are  practically  devoid  of  diastatic  enzymes.  Yet 
Pecten  and  Sycotypus  muscles  are  the  richest  tissues  which  we 
have  analyzed  for  glycogen.  In  the  case  of  Pecten  muscle  there 
was  an  unmistakable  change  to  erythrodextrin,  but  during  the 
five-day  digestion  period  there  seemed  no  fiu^her  change.  At 
the  end  of  an  eight-day  period  Sycotypus  muscle  showed  no  more 
change  than  expressed  by  a  slight  purple  tint  in  the  digestion  mix- 
ture when  treated  with  iodine,  instead  of  the  original  clear  blue. 
A  control  of  10  grams  of  the  perfectly  fresh  muscle  *'Brei" 
showed  no  digestion  at  the  end  of  eight  days.  Inasmuch  as 
Sycotypus  blood  showed  diastase,  it  is  not  surprising  that  the 
muscle  sample  17  appeared  to  have  a  trace  of  activity.  Indeed 
it  might  be  considered  more  surprising  that  the  tissue  showed  so 
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little.  When  the  gasteropods  were  killed,  however,  the  large 
blood  spaces  of  the  pedal  muscle  were  cut  in  several  directicms  to 
allow  free  bleeding,  and  the  muscles  themselves  under  this  stimulus 
contract  to  the  utmost,  thus  squeezing  out  practically  all  of  the 
blood  present.  What  extremely  slight  digestion  appeared  to  go 
on  in  17  we  may  attribute  to  a  trace  of  blood  rather  than  to  the 
muscle  fibres  themselves. 

It  should  be  noted  that  our  figures  disprove  the  statement  of 
Abderhalden,^  that:  '*With  the  gasteropods  the  liver  is  the  only 
place  in  which  glycogen  is  deposited  to  any  extent;  in  the  other 
organs  the  amoimt  is  hardly  worthy  of  consideration."  The  gas- 
teropod,  Sycotypi^  cancUiculatus,  regularly  contains  large  amounts 
of  glycogen  in  the  pedal  muscle.  The  specimens  here  examined 
had  been  kept  in  captivity  for  many  weeks,  long  enough  to  remove 
most  of  the  glycogen  from  the  liver  in  several  individuals  examined 
and  to  have  reduced  the  percentage  present  in  the  muscles.  Freshly 
dredged  specimens  in  good  condition  will  yield  much  more  glyco- 
gen than  the  figures  above  would  indicate.  The  same  is  true  of 
the  muscles  of  many  lamellibranchs,  of  which  Pecten  is  an  example. 

In  confirmation  of  MacLean's  work,  we  find  that  tissues  rich  in 
diastase  may  or  may  not  contain  glycogen;  and,  what  is  far  more 
significant  from  the  point  of  view  of  the  enzyme-synthesis  theorj', 
tissues  rich  in  glycogen  may  or  may  not  contain  diastase.  While 
it  is  easy  to  conceive  of  a  tissue  rich  in  an  enzyme  failing  to  build 
up  the  synthetic  product  of  that  enzyme's  activity,  it  is  not  so 
easy  to  explain  the  absence  of  an  enzyme  from  a  tissue  regularly 
building  up  a  certain  compoimd,  if  we  attribute  that  synthesis  to 
the  enzyme.  At  the  same  time  the  absence  of  the  enzyme  does 
not  invalidate  the  general  theory.  It  is  possible  that  the  enzyme 
has  disappeared  after  the  synthesis;  or  that  the  diastase  of  the 
blood  is  capable  of  diffusing  into  the  cells  at  certain  times;  or  that 
in  an  animal  whose  whole  metabolism  is  on  so  low  a  level,  an 
amount  of  diastase  too  small  to  detect  is  still  sufficient  to  synthe- 
size and  hydrolyze  the  glycogen  stored  in  the  pedal  muscle.  It  is 
not  impossible  of  course  that  glycogen  is  synthesized  in  the  active 
liver  or  "hepato-pancreas"  and  is  transported  thence  to  the  muscle 
tissue  in  the  blood.    The  presence  of  glycogen  in  the  latter  might 

•  Abderhalden :  Text-book  of  Physiological  Chemistry,  p.  46. 
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be  too  slight  also  for  detection  at  any  given  time.  There  are  many 
considerations  which  render  the  negative  results,  recorded  above, 
equivocal  rather  than  negative  of  interpretation.  It  is  clear  how- 
ever that  the  experiments  do  not  add  anything  to  substantiate  the 
theory. 
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DIASTASE  AND  STARCH  OF  PLANT  TISSUES. 

By  H.  C.  BRADLEY  and  E.  KELLERSBERGER. 
(From  the  Departmenl  of  Physiology j  University  of  Illinois.) 

(Received  for  publication,  November  2,  1912.) 

It  is  well  known  that  diastase  is  widely  distributed  in  the  active 
tissues  of  plants.  Just  what  its  relative  strength  is  in  different 
tissues  has  been  less  carefully  determined.  Furthermore  the 
quantity  of  the  enzyme  is  variable  so  that  only  very  general  state- 
ments can  be  made  concerning  its  presence.  The  season  of  the 
year,  the  condition  of  the  plant  and  its  stage  of  development,  etc., 
all  exercise  an  influence  in  determining  the  activity  of  the  enzyme. 
For  this  reason  much  of  the  data  collected  upon  this  question  was 
unavailable  for  the  purposes  of  this  investigation,  and  a  series  of 
determinations  was  therefore  made  to  determine  whether  a  rela- 
tionship  exists  in  the  plant  tissues  between  starch  and  the  enzyme 
which  is  beheved  to  synthesize  it  from  the  more  soluble  carbo- 
hydrates. A  definite  correlation  between  the  enzyme  diastase 
and  the  starch  content  would  throw  much  light  on  the  general 
question  of  enzyme  synthesis.  The  plant  should  be  especially 
favorable  material  for  this  problem  because  of  the  relatively  simple 
metabolism  there  found. 

The  method  used  was  that  described  in  a  previous  paper  for  the 
detection  and  estimation  of  diastase  in  animal  tissues.  The  plant 
organs  were  not  treated  with  alcohol  and  ether  since  few  plant 
tissues  contain  appreciable  amounts  of  fat.  Five  grams  of  the 
finely  pulped  material  were  weighed  out,  25  cc.  of  the  same  starch 
solution  added  in  all  cases,  toluene  and  water  to  make  the  volume 
100  cc.  The  iodine  reaction  was  used  as  the  test  of  digestion, 
and  the  time  required  to  convert  the  starch  solution  to  the  achroo- 
dextrin  stage  indicated  in  a  rough  way  the  activity  of  the  diastase 
present.  A  number  of  tissues  were  assayed  for  their  dry  weight 
as  a  further  check  on  the  interpretation  of  the  figures  of  digestion. 
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A  zuimber  of  objections  may  be  urged  at  the  outset.  First: 
The  method  is  not  a  quantitative  one;  the  end  point  with  iodine 
i:^  not  sharp  and  a  considerable  error  is  thereby  introduced. 
Makini^  all  possible  allowances  for  error  in  this  direction  does  not 
however  invalidate  the  general  results — &  given  tissue  is  ten  or  a 
iiumif«d  times  more  active  than  another. 

:5i)coad:  Many  tissues  already  contain  starch  in  larger  or  smaller 
iutouttts*  and  the  presence  of  this  starch  must  inevitably  alter  the 
'  uutj  required  for  digestion  to  the  achromic  point.  This  error  is 
•II  rtuuiy  cases  a  serious  one.  In  many  others  however  the  starch 
4^rHUjtt$^  are  so  resistant  to  the  diastase  that  filtering  the  samples 
rakvu  for  tests  removes  them,  and  the  solution  then  represents  the 
.  u  iictu£d  starch  solution  added.  We  have  found  a  number  of  tissues 
\%nviv  the  reaction  of  the  starch  grains  in  suspension  persisted  hours 
»r  t'ven  days  after  the  soluble  starch  solution  had  all  been  con- 
\  ert^  into  dextrins  which  gave  no  iodine  color  reaction. 

rhir\l:  Very  noticeable  differences  exist  between  the  action  of 

atioiiicA^  of  different  origins.     In  some  cases  er3rthrodextrin  is 

%^'iaty  formed  from  the  starch,  and  then  persists  for  long  periods 

4  •  i:ii<\     lu  others  no  erythrodextrin  reaction  develops;  the  solu- 

iOi»  tviutuns  blue-reacting  to  the  end,  and  merely  decreases  in 

ui  *i<vity  to  the  vanishing  point.     In  others  the  steps  from  starch 

^» .  *  ^  t  hrodextrin  to  achroodextrin  are  well  defined  and  follow  each 

,  11.1   u  approximately  the  same  time.    This  difference  is  possibly 

...  uUivation  of  a  complex  of  enzymes  m  what  is  called  "diastase," 

4.V    .wu>v  of  which  hydrolyzes  starch,  another  erythrodextrin, 

*t,   in  a  given  tissue  "Brei"  the  erythrodextrin-digesting 

.  wiic  5H  much  more  abundant  than  the  starch-digesting,  then 

V  N4H.\\i  <kf  the  entire  reaction  will  be  expressive  of  the  speed  of 

,*    .utial  Htop  of  hydrolysis.    The  reddish  color  at  the  same  time 

.^vcr  b<^  appreciable,  since  the  erythrodextrin  will  be  hydro- 

KN  ^npiiily  as  formed.     In  other  cases,  where  the  initial  step 

.    *,  ^silN  tHktni  but  the  dextrinase  is  wanting,  the  mixture  rapidly 

.><s^.u*.:v  »ho  red-staining  stage  and  then  very  slowly  or  never 

ofts.^  v^  'A*  the  achromic  point. 

*»..  ^^vtiona  of  the  organs  were  stained  with  iodine,  and  where 

N  '^*u\^>  was  negative  or  equivocal,  samples  of  the  "Brei"  were 

^  ,w  ^tth  l>oiling  water  and  the  extract  tested  for  starch. 
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TABLE  I. 


TUBUS 


Green  pea. 


Lima  bean. 


Kidney. 


Kohlrabi 
Onion 


Bayberry. 
Radish.. . 
Carrot... 


Red  beet. 


Mangel. 


Potato 


Com. 


Marrow  squash 


Cantaloupe . . . 


leaf 

]>od  and  seeds 
seeds,  medium 
pods,  medium 
seeds,  mature 
seed,  medium 
pod,  medium 
leaf 

seed,  medium 
pod,  medium 
leaf 
root 
leaf 

root,  young 
leaf,  yoimg 
leaf 

berry,  mature 
root,  mature 
leaf,  mature 
root,  medium 
leaf,  medium 
root,  young 
leaf,  young 
root,  mature 
leaf,  mature 
root,  mature 
leaf,  mature 
root,  medium 
tuber,  medium 
leaf,  medium, 
seed,  medium 
husk,  medium 
seed,  mature 
cob,  mature 
seed,  young 
cob,  young 
husk,  young 
seed,  mature 
pulp,  mature 
pulp,  young 
leaf,  mature 
pulp,  mature 
seed,  mature 


DBT 

DIOEBTION 

WZIOHT 

TIMS 

percent 

houra 

0.70 

12.4 

0.50 

24.6 

0.50 

13.2 

0.80 

80.0 

1.00 

23.2 

6.00 

5.00 

15.4 

0.50 

27.6 

5.50 

14.8 

5.50 

18.0 

0.25 

1.50 

1.50 

13.4 

? 

10.6 

48.00 

72.00 

72.00 

5.6 

0.70 

8.6 

0.70 

10.8 

2.50 

22.50 

? 

1.25 

14.00 

6.00 

? 

7.00 

18.00 

17.00 

0.75 

7.50 

6.00 

6.50 

6.50 

5.00 

6.50 

2.00 

25.2 

1.25 

? 

48.00 

0.50 

72.00 

? 

BTABCH  CONTENT 


None. 

Small  amount. 

Medium. 

Small  amt.  dextrin. 

Abundant. 

Abundant. 

Small  amt.  dextrin. 

Small  amt.  dextrin. 

Medium. 

Abundant  dextrin. 

Small  amt.  dextrin. 

None. 

None. 

None. 

None. 

None. 

None. 

None. 

None. 

Abundant. 

None. 

None. 

None. 

None. 

None. 

None. 

None. 

Some  dextrin. 

Very  abundant. 

None. 

Abundant. 

None. 

Abundant. 

Small  amount. 

Medium  amount. 

Small  amount. 

None. 

Medium. 

Abundant. 

Abundant. 

None. 

None. 

Small  amount. 
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In  the  table  the  relative  amounts  of  starch  found  are  indicated. 
In  general  it  is  a  fact  that  leaves  contain  starch.  In  some  it  is 
found  always,  in  others  only  while  photosynthesis  is  in  rapid  prog- 
ress. The  fact  that  our  plant  tissues  were  usually  secured  eariy 
in  the  morning,  before  photosynthesis  had  gone  on  to  any  large 
extent,  is  probably  the  explanation  of  our  failure  to  find  starch  in 
many  of  the  green  parts  of  plants.  During  the  night,  the  starch, 
in  such  parts  as  the  leaves,  usually  disappears.  It  is  believed  to 
be  converted  into  sugar  and  removed  by  the  sap  to  the  organs  of 
storage. 

About  one  hundred  tissues  were  examined  in  this  way.  The 
results  are  very  divergent.  A  few  of  the  more  striking  figures 
are  given  in  the  table  below.  The  publication  of  the  rest  would 
not  add  materially  to  the  solution  of  the  present  problem. 

The  above  typical  results,  together  with  the  mass  of  data  unpub- 
lished, shows  the  following  conclusions  are  warranted: 

First:  Diastase  is  as  a  rule  most  abundant  in  the  leaves,  where 
starch  is  never  stored  permanently,  but  where  it  may  be  foimd  in 
small  amounts  during  photosynthesis.  Leaves  of  different  species 
exhibit  very  marked  dififerences  in  their  diastase  content.  The 
leaves  of  the  bayberry,  onion  and  leek  contain  so  little  of  the 
enzyme  as  to  be  doubtful.  On  the  other  hand  the  leaves  of  the 
legumes  were  among  the  most  active  tissues  examined.  It  ia  (rf 
interest  to  note  that  the  leaves  of  the  legumes  were  usually  found 
to  contain  considerable  starch  or  a  dextrin-like  compound,  though 
there  were  several  exceptions  noted. 

Second:  No  general  deductions  can  be  drawn  relating  the  dias- 
tatic  activity  of  a  tissue  with  its  starch-storing  function.  We  find 
plants  like  the  beets  and  mangels,  which  store  no  starch  in  the  root 
but  instead  store  sugar,  having  a  highly  active  leaf  and  no  diastase 
in  the  root.  Other  plants  like  the  radish  and  rutabaga  and  kohl- 
rabi, which  also  store  sugar  instead  of  starch  in  the  root,  are  dias- 
tatically  active  in  both  leaf  and  root.  The  radish  root  is  one  of  the 
most  active  tissues  we  have  found,  despite  the  fact  that  it  contains 
only  5  per  cent  solid  material,  and  yet  no  trace  of  starch  could  be 
foxmd  in  the  many  samples  examined.  Other  plants,  like  carrot, 
parsley  and  parsnip,  lay  up  starch  in  the  root  which  is  diastatically 
active — in  these  cases  more  active  than  the  leaf.  The  potato 
tuber  is  particularly  rich  in  starch  but  rather  poor  in  diastase. 
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In  a  very  few  eases  tissues  which  were  found  to  contain  starch 
were  so  slightly  active  diastatically  that  they  appear  doubtful. 
The  pulp  of  the  marrow  squash  and  the  seed  of  the  cantaloupe 
eventually  carried  digestion  to  the  erythro  stage,  at  which  point 
it  appeared  to  stop  completely.  Fresh  mushroom  tissues,  after 
five  days'  digestion,  showed  no  definite  change  of  color.  Curiously 
enough,  these  same  tissues  ground  up  in  alcohol,  washed  with 
ether  and  dried,  developed  considerable  diastatic  activity.  Did 
the  treatment  activate  a  proenzyme?  K  so,  and  the  evidence  of 
the  single  series  of  observations  suggests  this,  why  should  the 
rapidly  growing  fresh  tissues,  rich  in  the  glycogen-like  carbohydrate 
of  the  mushroom,  show  no  diastase?  In  the  developing  mush- 
room, which  frequently  grows  several  inches  in  a  few  hours,  and  in 
which  the  glycogen  transfer  must  be  unusually  rapid,  one  would 
expect  to  find  diastase  in  abundance  if  that  enzyme  is  necessary 
for  synthesis. 

With  the  exception  of  these  doubtful  cases  just  mentioned  the 
results  of  our  series  offer  more  favorable  material  to  interpret 
from  the  standpoint  of  enzyme  synthesis  than  any  other  investi- 
gation which  we  have  made.  The  fact  that  practically  all  of  the 
starch-storing  tissues  of  plants  are  found  to  contain  diastase,  and 
that  during  the  developmental  stages  as  well  as  during  sprouting, 
lends  considerable  support  to  the  view  that  the  enzyme  is  responsi- 
ble for  the  synthesis  of  the  polysaccharide  from  the  sugar  of  the 
sap.  It  must  not  be  lost  sight  of  however  that  even  these  favor- 
able results  are  by  no  means  decisive;  the  data  may  be  interpreted 
in  a  different  way,  and  there  is  nothing  in  the  experiments  which  is 
crucial.  Furthermore  if  any  of  the  doubtful  cases  cited  should  on 
further  work  prove  to  be  actually  negative,  the  value  of  the  positive 
cases  as  favorable  evidence  for  the  theory  would  be  entirely  lost. 
At  present,  however,  it  appears  to  us  that  the  strongest  evidence 
for  the  theory  is  to  be  found  in  the  relation  of  starch  and  diastase 
in  the  organs  of  plants.  There  are  many  tissues  rich  in  diastase 
which  never  develop  starch,  but  on  the  other  hand  there  are  no 
tissues  which  contain  starch  of  which  we  can  say  that  they  are 
absolutely  devoid  of  diastase.  What  the  function  of  the  diastase 
of  tissues  which  never  contain  starch  is,  we  have  not  even  conjec- 
tured, but  it  seems  quite  possible,  from  the  data,  that  those  tissues 
which  develop  starch  as  a  store  of  reserve  material  may  synthesize 
the  starch  through  the  agency  of  diastase. 


THE  PROBLEM  OF  ENZYME  SYNTHESIS.    IV. 
LACTASE  OF  THE  MAMBIARY  GLAND. 

By  H.  C.  BRADLEY. 
{Prom  the  Department  of  Physiology j  University  of  Wisconsin.) 

(Received  for  publication,  November  11,  1912.) 

In  the  preceding  papers  reporting  investigations  into  the  theory 
of  enzyme  syntheses  in  tissues,  the  results  have  been  equivocal  and 
difficult  of  interpretation.  They  have  neither  confirmed  nor  dis- 
proved the  general  proposition  that  enzymes  assist  in  the  synthetic 
production  of  compounds  which  they  also  hydrolyze.  It  is  desir- 
able therefore  to  secure  some  more  crucial  test  of  the  theory.  An 
organ  or  tissue  whose  chief  function  is  sjrnthetic  and  the  products 
of  whose  synthesis  are  somewhat  specific  would  make  an  ideal 
tissue  to  examine  from  this  point  of  view.  The  active  mammary 
gland  is  perhaps  the  best  example  of  this  sort  of  organ.  It  pro- 
duces considerable  amounts  of  protein,  carbohydrate  and  fat,  and 
the  protein  and  carbohydrate  are  quite  specific.  Neither  casein 
nor  lactose  are  found  elsewhere  than  in  milk,  and  the  lactose 
requires  a  specific  enzyme  to  hydrolyze  it.  The  number  of  tissues 
which  contain  this  enzyme  are  moreover  very  limited.  As  Plim- 
mer^  has  shown,  intestinal  mucosa  and  the  pancreas  of  suckling 
mammals  regularly  contain  the  enzyme,  while  it  is  wanting  in  the 
adult  pancreas  and  in  most  adult  intestines.  Its  presence  in  sig- 
nificant amounts  in  the  active  mammary  would  therefore  go  far 
toward  proving  the  theory  under  investigation. 

As  a  test  of  the  theory  we  have  therefore  proposed  the  presence 
or  absence  of  lactase  in  the  active  mammary  cell.  The  hydrolytic 
action  of  the  enzyme  is  much  more  easily  demonstrated  than  its 
synthetic  action,  so  that  the  failiu-e  of  Porcher^  to  get  synthesis 
of  lactose  from  a  mixtiu*e  of  gland  "Brei,"  dextrose  and  galactose, 

*  Plimmer:  Journ.  of  Physiol.  ^  xxxiv,  p.  93;  xxxv,  p.  20, 1906. 
'Porcher:  Arch,  internal.  Physiol.  ^  xxiii,  p.  356,  1909. 
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is  not  conclusive.  His  results  merely  indicate  that  under  the  con- 
ditions of  dilution,  etc.,  which  obtained  in  his  experiments  rever- 
sion did  not  take  place.  Dilution  jnay  have  prevented  Porchw 
from  finding  a  synthetic  effect,  but  dilution  should  only  facilitate 
the  hydrolytic  reaction  of  the  enzyme. 

Active  mammary  glands  were  therefore  obtained  from  animals 
suckling  their  yoimg  and  at  the  height  of  lactation.  Samples 
of  the  milk  were  secured  in  most  instances  and  the  presence  of 
lactose  demonstrated,  as  a  preliminary  precaution.  The  glands 
were  ground  to  a  fine  "Brei"  and  diluted  with  a  known  proportion 
of  water  and  were  either  allowed  to  autolyze  over  night  under 
toluene  or  used  immediately.  The  autolyzed  and  diluted  "Br«" 
was  strained  free  from  connective  tissue  shreds  and  a  known 
amount  of  the  mixtiu-e  added  to  a  solution  of  Kahlbaum's  C.  P. 
lactose.  A  control  digestion  was  checked  at  once  by  the  addition 
of  mercuric  nitrate,  prepared  according  to  the  method  of  Patein 
and  Dufau,*  or  by  boiling  and  then  adding  the  mercuric  nitrate. 
Other  samples  were  allowed  to  digest  from  two  to  seven  days  under 
toluene  at  37°.  At  the  end  of  this  period  the  proteins  were  removed 
by  mercuric  nitrate,  the  large  excess  of  mercury  precipitated  in 
an  aliquot  of  the  protein-free  filtrate  by  NaOH,  and  HjS  run  in 
to  precipitate  the  remainder.  Excess  of  sulphide  was  then  re- 
moved by  CUSO4  and  the  solution  made  up  to  a  definite  volume 
and  filtered.  Sugar  was  determined  in  aliquots  of  this  filtrate  by 
the  AUihn  gravimetric  method.  Another  aliquot  of  the  sugar 
solution  was  then  completely  hydrolyzed  by  boiling  with  HjSOi 
for  one  hour,  neutralized,  made  up  to  known  volume  and  analyzed 
for  sugar.  Thus  the  reducing  power  of  each  solution  was  checked 
by  its  reducing  power  after  hydrolysis — an  extremely  important 
point  in  the  work,  since  it  enables  one  to  determine  whether  there 
has  been  destruction  of  either  dextrose  or  lactose  during  the  diges- 
tion period.  The  mere  fact  that  the  reducing  power  of  the  digest 
does  not  alter  during  a  seven-day  period  is  not  of  itself  sufficient 
to  prove  the  absence  of  lactase,  since  a  concomitant  destruction  of 
sugar  may  have  balanced  the  rate  of  hydrolysis.  Nor  would  an 
increased  reducing  power  of  the  solution  alone  be  a  proof  of  the 
hydrolysis  of  lactose,  since  liberation  of  a  reducing  substance  in  the 

'  Patein  and  Dufau:  Journ,  de  pharm.  et  de  chim.f  xv,  p.  221, 1902. 
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gland  "Brei"  itself  is  quite  possible.  The  results  of  Plimmer  may 
be  subjected  to  valid  criticism  on  this  very  ground,  since  increased 
reducing  power  of  the  digest  was  taken  as  proof  of  lactase,  without 
determining  also  the  amount  of  lactose  remaining  at  the  end  of 
the  digestion  period.  As  a  matter  of  fact  we  have  f oimd  some  indi- 
cations of  both  destruction  of  dextrose  and  of  the  liberation  of 
reducing  disaccharides  in  certain  experiments.  The  check  has  a 
further  value.  In  the  precipitation  of  the  proteins  by  the  mercuric 
nitrate  method  the  character  of  the  precipitate  is  frequently  diflfer- 
ent  in  diflferent  digestion  flasks.  Presumably  too  there  is  a  diflfer- 
ence  in  the  amount  of  sugar  absorbed  by  such  precipitates,  so  that 
several  digestions  made  up  with  scrupulous  attention  to  exact 
duplication  of  the  amounts  of  sugar  and  "Brei"  present,  will 
frequently  show  appreciable  differences  in  the  amounts  of  sugar 
present  in  the  final  filtrates.  Such  differences  must  be  assumed 
therefore  in  the  interpretation  of  results  as  experimental  errors 
inherent  in  the  process,  and  variations  within  such  limits  cannot 
be  considered  evidence  of  hydrolysis.  If  lactase  is  present  at  all, 
however,  a  digestion  of  seven  days  should  show  changes  far 
beyond  these  experimental  errors,  and  give  unequivocal  evidence 
of  hydrolysis. 

In  carrying  out  the  details  of  this  work  we  have  followed  the 
procedure  described  by  Plimmer  as  closely  as  possible  in  order 
that  our  results  might  be  comparable  with  his,  and  that  some  judg- 
ment might  be  made  as  to  the  amount  of  lactase  present  in  the 
mammary  gland  compared  with  the  tissues  examined  by  him. 

Experiment  I.  October ^  1911.  Cat  with  four  kittens,  toward 
the  close  of  lactation  but  still  nursing  the  kittens.  The  milk  con- 
tained a  reducing  sugar.  The  glands,  dissected  free  from  fat  and 
connective  tissue,  weighed  35  grams.  They  were  reduced  to  a  fine 
"Brei"  with  the  addition  of  toluene  water  and  allowed  to  incubate 
at  37®  for  twenty-four  hours.  The  "Brei"  was  strained,  the  resi- 
due washed  and  the  mixture  made  up  to  250  cc.  with  toluene  water. 
Four  digests  were  set  up: 

I.  60cc.  ^'Brei/'  100  cc.  5  per  cent  lactose  solution:  incubated  24  hours. 
II.  50  cc.  "Brei,*'  100 cc.  5  per  cent  lactose  solution : incubated 48 hours. 

III.  50  cc.  **Brei/'  100  cc.  5  per  cent  lactose  solution: incubated 72 hours. 

IV.  50  cc.  "Brei,"  100  cc.  5  per  cent  lactose  solution:  boiled  at  once  as 

control. 
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lactose.  One  hundred  and  sixty  grams  of  gland  tissue  were  se- 
cured, ground  fine,  diluted  and  autolyzed  over  night.  liver 
tissue  from  the  same  animal  was  made  up  in  the  same  way  as  a 
check. 

Tlie  results  show  no  digestion  of  lactose.    Where  liver  tissue 
is  substituted  for  mammary  there  is  a  distinct  loss  of  sugar. 

TABLE  n. 


NO. 

TIME 

OLAND 
PBX8XNT 

BBOUCnON 
AVERAOB 

TOTAL 
AVAILABLE 

RATIO 

TUBUS 

koura 

percent 

1 

0 

14 

0.4357 

0.6180 

1.419 

Mammary. 

•     2 

96 

14 

0.4366 

0.6200 

1.420 

Mammary. 

3 

0 

28 

0.4677 

0.6262 

1.366 

Mammary. 

4 

96 

28 

0.5674* 

0.7688 

1.365 

Mammary. 

5 

0 

14 

0.4715 

0.6460 

1,378 

Liver. 

6 

96 

14 

0.4517 

9.6152 

1.362 

Liver. 

*  A  stronger  lactose  solution  was  used  In  this  digestion  by  mistake;  the  ratio  dearly  shows 
however  that  no  digestion  has  taken  place. 

ExPBBiMBNT  III.  November y  1911.  Rabbit,  twenty-four  hours 
after  dropping  her  litter.  The  glands  were  swollen  and  full  of 
milk.  Forty-five  grams  were  ground  fine,  diluted  to  250  cc.  and 
autolyzed  over  night.  The  strained  mixture  was  made  up  with 
lactose  as  in  experiment  I. 

In  Nos.  2  and  3  there  is  no  evidence  of  a  change  of  any  kind; 
in  4,  which  was  made  distinctly  alkaline  to  litmus  with  bicarbon- 
ate, there  was  a  slight  loss  of  sugar  as  shown  by  both  the  digestion 
and  inverted  sample. 

TABLE  in. 


so. 

BOUB8 

GLAND 
FBS8EMT 

RSDUCTION 
AVBBAGE 

TOTAL 
AVAILABLK 

BATIO 

BBMABXS 

percent 

1 

0 

18 

0.3936 

0.5360 

1.362 

2 

72 

18 

0.3939 

0.5400 

1.371 

3 

168 

18 

0.3928 

0.5398 

1. 374 

4 

72 

18 

0.3751 

0.5276 

1.406 

Alkaline  with 

NaHCOa. 

Experiment  IV.    December ,  191 L    Goat  in  the  height  of  lac- 
tation.   The  milk  was  shown  to  contain  lactose.    Two  hundred 
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TABLE  I. 


Green  pea. 


lima  bean. 


Kidney. 


Kohlrabi 

Onion 

Bayberry 

Radish 

Carrot 


Red  beet. 


Mangel. 


Potato 


Com. 


TiBsns 


Marrow  squash 


Cantaloupe . . . 


leaf 
pod  and  seeds 
seeds,  medium 
pods,  medium 
seeds,  mature 
seed,  medium 
pod,  medium 
leaf 

seed,  medium 
pod,  medium 
leaf 
root 
leaf 

root,  yoimg 
leaf,  yoimg 
leaf 

berry,  mature 
root,  mature 
leaf,  mature 
root,  medium 
leaf,  medium 
root,  young 
leaf,  young 
root,  mature 
leaf,  mature 
root,  mature 
leaf,  mature 
root,  medium 
tuber,  medium 
leaf,  mediiun. 
seed,  medium 
husk,  medium 
seed,  mature 
cob,  mature 
seed,  young 
cob,  young 
husk,  young 
seed,  mature 
pulp,  mature 
p\ilp,  young 
leaf,  mature 
pulp,  mature 
seed,  mature 


DBT 
WBIOHT 


ptrcefU 

12.4 
24.6 
13.2 
80.0 
23.2 

15.4 
27.6 
14.8 
18.0 


13.4 
10.6 


5.6 

8.6 

10.8 


25.2 


D10B8T10N 

TIITK 


STABCH  CONTBIfT 


houra 

0.70 

None. 

0.50 

Small  amount. 

0.50 

Medium. 

0.80 

Small  amt.  dextrin 

1.00 

Abundant. 

6.00 

Abundant. 

5.00 

Small  amt.  dextrin 

0.50 

Small  amt.  dextrin 

5.50 

Medium. 

5.50 

Abundant  dextrin. 

0.25 

Small  amt.  dextrin 

1.50 

None. 

1.50 

None. 

? 

None. 

48.00 

None. 

72.00 

None. 

72.00 

None. 

0.70 

None. 

0.70 

None. 

2.50 

Abimdant. 

22.50 

None. 

? 

None. 

1.25 

None. 

14.00 

None. 

6.00 

None. 

? 

None. 

7.00 

None. 

18.00 

Some  dextrin. 

17.00 

Very  abundant. 

0.75 

None. 

7.50 

Abundant. 

6.00 

None. 

6.50 

Abundant. 

6.50 

Small  amount. 

5.00 

Medium  amount. 

6.50 

Small  amount. 

2.00 

None. 

1.25 

Medium. 

? 

Abundant. 

48.00 

Abundant. 

0.50 

None. 

72.00 

None. 

0 

• 

iSmall  amount. 
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In  the  table  the  relative  amounts  of  starch  found  are  indicated. 
In  general  it  is  a  fact  that  leaves  contain  starch.  In  some  it  is 
found  always,  in  others  only  while  photos3mthesis  is  in  r^id  prog- 
ress. The  fact  that  our  plant  tissues  were  usually  secured  eariy 
in  the  morning,  before  photos3mthesis  had  gone  on  to  any  large 
extent,  is  probably  the  explanation  of  our  failure  to  find  starch  in 
many  of  the  green  parts  of  plants.  During  the  night,  the  starch, 
in  such  parts  as  the  leaves,  usually  disappears.  It  is  believed  to 
be  converted  into  sugar  and  removed  by  the  sap  to  the  organs  of 
storage. 

About  one  hundred  tissues  were  examined  in  this  way.  The 
results  are  very  divergent.  A  few  of  the  more  striking  figures 
are  given  in  the  table  below.  The  publication  of  the  rest  would 
not  add  materially  to  the  solution  of  the  present  problem. 

The  above  tjrpical  results,  together  with  the  mass  of  data  unpub- 
lished, shows  the  following  conclusions  are  warranted: 

First:  Diastase  is  as  a  rule  most  abundant  in  the  leaves,  where 
starch  is  never  stored  permanently,  but  where  it  may  be  found  in 
small  amounts  during  photos3aithesis.  Leaves  of  different  species 
exhibit  very  marked  diflferences  in  their  diastase  content.  The 
leaves  of  the  bayberry,  onion  and  leek  contain  so  little  of  the 
enzyme  as  to  be  doubtful.  On  the  other  hand  the  leaves  of  the 
legumes  were  among  the  most  active  tissues  examined.  It  is  of 
interest  to  note  that  the  leaves  of  the  legumes  were  usu^y  found 
to  contain  considerable  starch  or  a  dextrin-like  compoimd,  though 
there  were  several  exceptions  noted. 

Second:  No  general  deductions  can  be  drawn  relating  the  dias- 
tatic  activity  of  a  tissue  with  its  starch-storing  function.  We  find 
plants  like  the  beets  and  mangels,  which  store  no  starch  in  the  root 
but  instead  store  sugar,  having  a  highly  active  leaf  and  no  diastase 
in  the  root.  Other  plants  like  the  radish  and  rutabaga  and  kohl- 
rabi, which  also  store  sugar  instead  of  starch  in  the  root,  are  dias- 
tatically  active  in  both  leaf  and  root.  The  radish  root  is  one  of  the 
most  active  tissues  we  have  found,  despite  the  fact  that  it  contains 
only  5  per  cent  solid  material,  and  yet  no  trace  of  starch  could  be 
found  in  the  many  samples  examined.  Other  plants,  like  carrot, 
parsley  and  parsnip,  lay  up  starch  in  the  root  which  is  diastatically 
active — in  these  cases  more  active  than  the  leaf.  The  potato 
tuber  is  particularly  rich  in  starch  but  rather  poor  in  diastase. 
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In  a  very  few  cases  tissues  which  were  found  to  contain  starch 
were  so  slightly  active  diastatically  that  they  appear  doubtful. 
The  pulp  of  the  marrow  squash  and  the  seed  of  the  cantaloupe 
eventually  carried  digestion  to  the  erythro  stage,  at  which  point 
it  appeared  to  stop  completely.  Fresh  mushroom  tissues,  after 
five  days'  digestion,  showed  no  definite  change  of  color.  Curiously 
enough,  these  same  tissues  ground  up  in  alcohol,  washed  with 
ether  and  dried,  developed  considerable  diastatic  activity.  Did 
the  treatment  activate  a  proenzyme?  If  so,  and  the  evidence  of 
the  single  series  of  observations  suggests  this,  why  should  the 
rapidly  growing  fresh  tissues,  rich  in  the  glycogen-like  carbohydrate 
of  the  mushroom,  show  no  diastase?  In  the  developing  mush- 
room, which  frequently  grows  several  inches  in  a  few  hours,  and  in 
which  the  glycogen  transfer  must  be  unusually  rapid,  one  would 
expect  to  find  diastase  in  abundance  if  that  enzyme  is  necessary 
for  S3nithesis. 

With  the  exception  of  these  doubtful  cases  just  mentioned  the 
results  of  our  series  offer  more  favorable  material  to  interpret 
from  the  standpoint  of  enzyme  synthesis  than  any  other  investi- 
gation which  we  have  made.  The  fact  that  practically  all  of  the 
starch-storing  tissues  of  plants  are  found  to  contain  diastase,  and 
that  during  the  developmental  stages  as  well  as  during  sprouting, 
lends  considerable  support  to  the  view  that  the  enzyme  is  responsi- 
ble for  the  synthesis  of  the  polysaccharide  from  the  sugar  of  the 
sap.  It  must  not  be  lost  sight  of  however  that  even  these  favor- 
able results  are  by  no  means  decisive;  the  data  may  be  interpreted 
in  a  different  way,  and  there  is  nothing  in  the  experiments  which  is 
crucial.  Furthermore  if  any  of  the  doubtful  cases  cited  should  on 
further  work  prove  to  be  actually  negative,  the  value  of  the  positive 
cases  as  favorable  evidence  for  the  theory  would  be  entirely  lost. 
At  present,  however,  it  appears  to  us  that  the  strongest  evidence 
for  the  theory  is  to  be  found  in  the  relation  of  starch  and  diastase 
in  the  organs  of  plants.  There  are  many  tissues  rich  in  diastase 
which  never  develop  starch,  but  on  the  other  hand  there  are  no 
tissues  which  contain  starch  of  which  we  can  say  that  they  are 
absolutely  devoid  of  diastase.  What  the  function  of  the  diastase 
of  tissues  which  never  contain  starch  is,  we  have  not  even  conjec- 
tured, but  it  seems  quite  possible,  from  the  data,  that  those  tissues 
which  develop  starch  as  a  store  of  reserve  material  may  sjrnthesize 
the  starch  through  the  agency  of  diastase. 
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In  the  preceding  papers  reporting  investigations  into  the  theory 
of  enz3rme  syntheses  in  tissues,  the  results  have  been  equivocal  and 
difficult  of  interpretation.  They  have  neither  confirmed  nor  dis- 
proved the  genera]  proposition  that  enz3rmes  assist  in  the  synthetic 
production  of  compounds  which  they  also  hydrolyze.  It  is  desir- 
able therefore  to  secure  some  more  crucial  test  of  the  theory.  An 
organ  or  tissue  whose  chief  function  is  synthetic  and  the  products 
of  whose  synthesis  are  somewhat  specific  would  make  an  ideal 
tissue  to  examine  from  this  point  of  view.  The  active  manmiary 
gland  is  perhaps  the  best  example  of  this  sort  of  organ.  It  pro- 
duces considerable  amounts  of  protein,  carbohydrate  and  fat,  and 
the  protein  and  carbohydrate  are  quite  specific.  Neither  casein 
nor  lactose  are  found  elsewhere  than  in  milk,  and  the  lactose 
requires  a  specific  enzyme  to  hydrolyze  it.  The  number  of  tissues 
which  contain  this  enzyme  are  moreover  very  limited.  As  Plim- 
mer^  has  shown,  intestinal  mucosa  and  the  pancreas  of  suckling 
mammals  regularly  contain  the  enzyme,  while  it  is  wanting  in  the 
adult  pancreas  and  in  most  adult  intestines.  Its  presence  in  sig- 
nificant amounts  in  the  active  manmiary  would  therefore  go  far 
toward  proving  the  theory  under  investigation. 

As  a  test  of  the  theory  we  have  therefore  proposed  the  presence 
or  absence  of  lactase  in  the  active  manmiary  cell.  The  hydrolytic 
action  of  the  enzyme  is  much  more  easily  demonstrated  than  its 
synthetic  action,  so  that  the  failure  of  Porcher*  to  get  synthesis 
of  lactose  from  a  mixture  of  gland  "Brei,"  dextrose  and  galactose, 

1  Plimmer:  Journ.  of  Physiol. ,  xxxiv,  p.  93;  xxxv,  p.  20, 1906. 
'  Porcher:  Arch,  internal.  Physiol. ^  xxiii,  p.  356,  1909. 
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is  not  conclusive.  His  results  merely  indicate  that  under  the  con- 
ditions of  dilution,  etc.,  which  obtained  in  his  experiments  rever- 
sion did  not  take  place.  Dilution  jnay  have  prevented  Porchtf 
from  finding  a  synthetic  eflfect,  but  dilution  should  only  facilitate 
the  hydrolytic  reaction  of  the  enzyme. 

Active  mammary  glands  were  therefore  obtained  from  animals 
suckling  their  young  and  at  the  height  of  lactation.  Samples 
of  the  milk  were  secured  in  most  instances  and  the  presence  of 
lactose  demonstrated,  as  a  preliminary  precaution.  The  glands 
were  ground  to  a  fine  "Brei"  and  diluted  with  a  known  proportion 
of  water  and  were  either  allowed  to  autolyze  over  night  under 
toluene  or  used  immediately.  The  autolyzed  and  diluted  "Brd" 
was  strained  free  from  connective  tissue  shreds  and  a  known 
amount  of  the  mixture  added  to  a  solution  of  Kahlbaum's  C.  P. 
lactose.  A  control  digestion  was  checked  at  once  by  the  addition 
of  mercuric  nitrate,  prepared  according  to  the  method  of  Patein 
and  Dufau,*  or  by  boiling  and  then  adding  the  mercuric  nitrate. 
Other  samples  were  allowed  to  digest  from  two  to  seven  days  under 
toluene  at  37®.  At  the  end  of  this  period  the  proteins  were  removed 
by  mercuric  nitrate,  the  large  excess  of  mercury  precipitated  in 
an  aliquot  of  the  protein-free  filtrate  by  NaOH,  and  HjS  run  in 
to  precipitate  the  remainder.  Excess  of  sulphide  was  then  re- 
moved by  CUSO4  and  the  solution  made  up  to  a  definite  volume 
and  filtered.  Sugar  was  determined  in  aliquots  of  this  filtrate  by 
the  Allihn  gravimetric  method.  Another  aliquot  of  the  sugar 
solution  was  then  completely  hydrolyzed  by  boiling  with  H1SO4 
for  one  hour,  neutralized,  made  up  to  known  volume  and  analyzed 
for  sugar.  Thus  the  reducing  power  of  each  solution  was  checked 
by  its  reducing  power  after  hydrolysis — an  extremely  important 
point  in  the  work,  since  it  enables  one  to  determine  whether  there 
has  been  destruction  of  either  dextrose  or  lactose  during  the  diges- 
tion period.  The  mere  fact  that  the  reducing  power  of  the  digest 
does  not  alter  during  a  seven-day  period  is  not  of  itself  suflicient 
to  prove  the  absence  of  lactase,  since  a  concomitant  destruction  of 
sugar  may  have  balanced  the  rate  of  hydrolysis.  Nor  would  an 
increased  reducing  power  of  the  solution  alone  be  a  proof  of  the 
hydrolysis  of  lactose,  since  liberation  of  a  reducing  substance  in  the 

'  Patein  and  Dufau:  Journ.  de  pharm.  et  de  chim,^  xv,  p.  221, 1902. 
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gland  "Brei"  itself  is  quite  possible.  The  results  of  Plimmer  may 
be  subjected  to  valid  criticism  on  this  very  ground,  since  increased 
reducing  power  of  the  digest  was  taken  as  proof  of  lactase,  without 
determining  also  the  amount  of  lactose  remaining  at  the  end  of 
the  digestion  period.  As  a  matter  of  fact  we  have  found  some  indi- 
cations of  both  destruction  of  dextrose  and  of  the  liberation  of 
reducing  disaccharides  in  certain  experiments.  The  check  has  a 
further  value.  In  the  precipitation  of  the  proteins  by  the  mercuric 
nitrate  method  the  character  of  the  precipitate  is  frequently  dififer- 
ent  in  different  digestion  flasks.  Presumably  too  there  is  a  differ- 
ence  in  the  amount  of  sugar  absorbed  by  such  precipitates,  so  that 
several  digestions  made  up  with  scrupulous  attention  to  exact 
duplication  of  the  amounts  of  sugar  and  "Brei''  present,  will 
frequently  show  appreciable  differences  in  the  amounts  of  sugar 
present  in  the  final  filtrates.  Such  differences  must  be  assumed 
therefore  in  the  interpretation  of  results  as  experimental  errors 
inherent  in  the  process,  and  variations  within  such  limits  cannot 
be  considered  evidence  of  hydrolysis.  If  lactase  is  present  at  all, 
however,  a  digestion  of  seven  days  should  show  changes  far 
beyond  these  experimental  errors,  and  give  unequivocal  evidence 
of  hydrolysis. 

In  carrying  out  the  details  of  this  work  we  have  followed  the 
procedure  described  by  Plinmier  as  closely  as  possible  in  order 
that  our  results  might  be  comparable  with  his,  and  that  some  judg- 
ment might  be  made  as  to  the  amount  of  lactase  present  in  the 
mammary  gland  compared  with  the  tissues  examined  by  him. 

Experiment  I.  October y  1911.  Cat  with  four  kittens,  toward 
the  close  of  lactation  but  still  nursing  the  kittens.  The  milk  con- 
tained a  reducing  sugar.  The  glands,  dissected  free  from  fat  and 
connective  tissue,  weighed  35  grams.  They  were  reduced  to  a  fine 
"Brei"  with  the  addition  of  toluene  water  and  allowed  to  incubate 
at  37°  for  twenty-four  hours.  The  "Brei"  was  strained,  the  resi- 
due washed  and  the  mixture  made  up  to  250  cc.  with  toluene  water. 
Four  digests  were  set  up: 

I.  50cc.  "Brei,"  100  cc.  5  per  cent  lactose  solution:  incubated  24  hours. 
II.  50  cc.  *'Brei,"  100  cc.  5  per  cent  lactose  solution :  incubated  48  hours. 

III.  50cc.  "Brei,"  100  cc.  5  per  cent  lactose  solution:  incubated  72  hours. 

IV.  50  cc.  "Brei,"  100  cc.  5  per  cent  lactose  solution:  boiled  at  once  as 

control. 
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lactose.  One  hundred  and  sixty  grams  of  gland  tissue  were  se- 
cured, ground  fine,  diluted  and  autolyzed  over  night.  liver 
tissue  from  the  same  animal  was  made  up  in  the  same  way  as  a 
check. 

The  results  show  no  digestion  of  lactose.    Where  liver  tissue 
is  substituted  for  mammary  there  is  a  distinct  loss  of  sugar. 

TABLE  n. 


NO. 

Tims 

OLAND 
PRX8XNT 

BBDUCnON 
AVERAOB 

TOTAL 
AVAILABLS 

RATIO 

TUBUS 

hovr* 

percent 

1 

0 

14 

0.4367 

0.6180 

1.419 

Mammary. 

•     2 

96 

14 

0.4366 

0.6200 

1.420 

Mammary. 

3 

0 

28 

0.4577 

0.6252 

1.366 

Mammary. 

4 

96 

28 

0.5674* 

0.7688 

1.355 

Mammary. 

5 

0 

14 

0,4715 

0.6450 

1,378 

Liver. 

6 

96 

14 

0.4517 

9.6152 

1.362 

Tiiver. 

*  A  stfODger  lactooe  •olutlon  was  used  In  this  digestion  by  mistake;  the  ratio  dearly  shows 
howev«>  that  no  digestion  has  taken  place. 


E^CPBBIMENT  III.  November y  1911.  Rabbit,  twenty-four  hours 
after  dropping  her  litter.  The  glands  were  swollen  and  full  of 
milk.  Forty-five  grams  were  ground  fine,  diluted  to  250  cc.  and 
autolyzed  over  night.  The  strained  mixture  was  made  up  with 
lactose  as  in  experiment  I. 

In  Nos.  2  and  3  there  is  no  evidence  of  a  change  of  any  kind; 
in  4,  which  was  made  distinctly  alkaline  to  litmus  with  bicarbon- 
ate, there  was  a  slight  loss  of  sugar  as  shown  by  both  the  digestion 
and  inverted  sample. 

TABLE  in. 


xo. 

HOUB8 

OLAND 
PRESENT 

REDUCTION 
AVERAGE 

TOTAL 
AVAILABLE 

RATIO 

REMARKS 

•per  cent 

1 

0 

18 

0.3936 

0.5360 

1.362 

2 

•   72 

18 

0.3939 

0.5400 

1.371 

3 

168 

18 

0.3928 

0.5398 

1.374 

4 

72 

18 

0.3751 

0.5276 

1.406 

Alkaline  with 
NaHCO,. 

Experiment  IV.    December ,  1911.    Goat  in  the  height  of  lac- 
tation.   The  milk  was  shown  to  contain  lactose.    Two  hundred 
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and  ninety-five  grams  of  gland  tissue  were  obtained.     A  10  per 
cent  lactose  solution  was  used. 

In  this  case  there  seems  to  have  been  a  progressive  liberation  d 
sugar,  more  striking  in  the  digestion  to  which  blood  had  been 
added.  The  necessity  of  making  a  determination  of  the  total 
available  carbohydrate  is  clearly  brought  out  in  this  instance, 
since  an  examination  of  the  amount  of  reduction  produced  by  the 
digestions  alone  would  seem  to  indicate  hydrolysis.  The  ratio 
shows  however  that  such  has  not  been  the  case. 

TABLE  IV. 


NO. 


HOUH8 


OLAND 
PRCSBNT 


'  RBOUCnON 
!    AVSRAQE 


TOTAL 
i  AVAILABLB 


BATIO 


pereerU 

1 

0 

35 

0.5450 

0.8072 

1.481 

2 

120 

35. 

0.5762 

0.8144 

1.413 

3 

120 

^ 

0.5918 

0.8560 

• 

1.447 

Blood  present. 

Experiment  V.  February,  1912,  Cow  in  the  height  of  lacta- 
tion, killed  as  a  demonstration  of  the  tuberculin  reaction.  No 
macroscopic  lesions  were  found  in  the  mammary  gland,  which 
weighed  over  three  kilos.  Five  per  cent  lactose  solutions  were 
used  in  the  digestion  mixtures. 

Two  and  three  were  set  up  as  duplicate  digestions,  the  differ- 
ences between  them  indicate  the  extent  of  divergence  betwe«i 
such  duplicates  which  must  be  taken  into  account  in  interpreting 
results.  In  five,  the  "Brei"  was  allowed  to  autolyze  for  seven 
days,  the  lactose  solution  then  added  ajid  action  stopped  at  once 
with  mercuric  nitrate.  The  series  seems  to  show  a  small  increase 
in  the  total  sugar  content  as  well  as  a  larger  increase  in  the  reduc- 
tion of  the  mixture  before  hydrolysis.  That  this  is  not  a  digestion 
of  lactose  itself  is  shown  by  Nos.  4  and  5.  Comparing  Nos.  1 
and  4  there  is  some  indication  of  increased  disaccharide  content. 
It  may  be  suggested  that  a  mother  substance  of  lactose  is  present 
in  the  gland  cells,  as  was  thought  by  Porcher,  from  which  lactose  is 
split  off  during  the  digestion  period.  Whatever  the  explanation, 
the  fact  that  a  disaccharide  is  produced  during  digestion  from  the 
gland  cells,  is  of  itself  in  direct  opposition  to  the  theory  that  lac- 
tase is  responsible  for  the  lactose  of  the  milk. 
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TABLE  V. 


so. 

HOURS 

OLAKD 
PRE6KNT 

BEDUCTION 
AYBRAOB 

TOTAL 
AYAILABLB 

BATIO 

BEMARK8 

ptreerU 

1 

0 

35 

0.4050 

0.5738 

1.414 

2 

72 

35 

0.4033 

0,5752 

1.426 

3 

72 

35 

0.4184 

0.5804 

1.387 

4 

168 

35 

0.4220 

0.6078 

1.441 

5 

168 

35 

0.4252 

0.5800 

1.364 

Lactose    added 
at  end  of  diges- 
tion. 

Experiment  VI.  The  mammary  of  the  same  cow  was  kept 
frozen  hard  at  a  temperatm-e  of  about  —  20**  for  several  days.  While 
thus  frozen  it  was  possible  to  produce  an  exceedingly  fine  gland- 
snow  with  an  ice  shave.  Another  series  of  digestions  were  set  up 
with  this  material,  varying  the  reaction  by  the  addition  of  bicar- 
bonate sufficient  to  make  the  mixtures  slightly  alkaline  to  litmus. 

The  presence  of  alkali  in  the  mixture  leads  to  destruction  of 
the  sugar,  though  toluene  was  abundant  in  the  mixtures  and  they 
were  well  shaken. every  twelve  hours  to  insure  saturation  through- 
out the  mixtures.  There  was  no  evidence  of  putrefactive  changes 
in  any  of  the  mixtures,  though  bacterial  count  was  not  made.  It 
is  possible  that  in  alkaline  reacting  "Breis"  bacterial  action  was 
not  wholly  checked  by  the  toluene,  though  this  explanation  of  the 
destruction  of  sugar  seems  unlikely.  In  all  the  digests  acidity  is 
developed  presmnably  through  the  action  of  lipase  on  the  butter 
fats  present. 

TABLE  VI. 


MO. 


1 

2 
3 
4 
5 


BOUBB 

OLAND 

PBBSBirr 

REDUCTION 
AYBRAOB 

TOTAL 
AVAILABLE 

RATIO 

percent 

0 

35 

0.3995 

0.5772 

1.445 

96 

35 

0.3541 

0.5052 

1.427 

168 

35 

0.2735 

0.3982 

1.456 

168 

35 

0.3731 

.  0.5220 

1.402 

168 

35 

0.3201 

0.4648 

1.452 

REMARKS 


Alkaline. 
Alkaline. 
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DISCUSSION. 

• 

It  is  quite  evident  that  under  the  conditions  of  these  expoi- 
ments  no  appreciable  hydrolysis  occurs.  Therefore  no  lactase  is 
present,  for  our  only  criterion  of  an  enzyme  is  the  demonstration 
of  its  activity.  It  is  possible  that  a  proenzyme  normally  present 
has  not  been  activated,  though  conditions  have  been  varied  in  titt 
hope  of  producing  such  activation.  Blood  of  the  animal  has  been 
added  to  the  mixtures,  to  determine  whether  it  might  not  carry 
some  kinase  to  the  gland.  Digestions  have  proceeded  under 
neutral,  slightly  acid  and  slightly  alkaline  conditions.  Sugar  has 
been  added  at  once  to  the  freshly  prepared  gland-brei,  and  to 
"Brei"  which  has  autolyzed  for  twenty-four  hours.  The  result 
has  been  negative  in  each  case.  In  certain  digestion  mixtures 
there  has  been  an  increased  reduction  observed  as  digestion  con- 
tinued, which  might  have  been  mistaken  for  hydrolysis  of  lactose 
were  it  not  for  the  control  hydrolysis  by  acid.  In  such  cases  the 
evidence  points  to  the  formation  of  a  reducing  disaccharide  rather 
than  to  the  conversion  of  disaccharide  to  monosaccharides  of  greater 
total  reducing  power.  It  seems  safe  to  assume  that  this  disac- 
charide is  lactose,  developed  from  some  mother  substance  already 
laid  up  in  the  gland  cells  at  the  time  of  death.  This  mother  sub- 
stance may  be  analogous  to  glycogen,  though  the  n^ative  results 
of  Porcher  and  other  investigators  makes  this  improbable;  or  it 
may  be  some  more  complex  compound  Uke  a  protein-lactose  con- 
jugation. The  very  fact  however  that  autolyzing  mammary 
tissue  develops  a  reducing  disaccharide,  presumably  lactose,  is 
itself  strong  evidence  that  lactose  is  not  l)uilt  up  by  the  enzjmie 
lactase  in  the  active  gland. 

There  is  further  evidence  that  the  production  of  lactose  is  not 
through  the  immediate  agency  of  lactase.  The  secretion  of  milk 
is  a  violently  eruptive  process  in  which  cells  are  ruptured  and  their 
contents  poured  out  into  the  ducts.  Following  the  manipulation 
of  the  teat  by  the  suckling  young,  this  eruptive  secretion  is  set  in 
motion  by  a  reflex  nervous  mechanism.  During  the  periods  be- 
tween suckling,  the  milk  precursors  are  stored  in  the  mammary 
cells  as  is  shown  by  the  swelling  of  the  whole  gland.  If  lactase 
were  present  at  the  moment  of  secretion  it  would  certainly  be  swept 
out  of  the  cells  along  with  the  milk  constituents  and  would  appear 
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in  the  secretion.  If  it  were  present  in  the  milk,  dextrose  and  galac- 
tose would  gradually  appear  in  pJace  of  the  lactose.  But  dextrose 
is  not  found  in  normal  fresh  milk,  nor  on  standing  a  few  hours  or 
days  does  it  appear.  At  the  moment  of  secretion  therefore  we 
must  conclude  that  the  enzyme  is  not  present.  It  is  possible  that 
manunary  lactase  is  an  enzyme  which  is  destroyed  almost  as  rapidly 
as  formed,  but  such  a  hypothesis  is  wholly  without  foundation  in 
data  thus  far  collected.  Lactase  from  other  sources  is  apparently 
quite  resistant. 

So  far  as  this  experiment  goes,  then,  it  gives  no  confirmation 
of  the  theory  of  enzyme  sjmtheses.  On  the  contrary  it  is  so 
thoroughly  negative  in  its  results  and  so  crucial  in  character  that 
it  must  cast  some  doubt  upon  the  general  hjrpothesis.  It  appears 
justifiable  to  conclude  that  lactose  of  the  milk  is  not  synthesized 
through  the  agency  of  the  enzyme  lactase. 


THE  ACTION  OF  YEAST  ON  YEAST  NUCLEIC  ACID. 

Bt  SAMUEL  AMBERG  and  WALTER  JONES. 
{From  the  Department  of  Physiological  Chemistry  ^  Johns  Hopkins  University.) 

(Received  for  publication,  November  12, 1912.) 

Upon  a  former  occasion  we  showed  that  rabbit's  serum  brings 
about  a  depression  of  the  optical  rotation  of  yeast  nucleic  acid 
without  setting  free  either  phosphoric  acid  or  purine  bases  and 
apparently  without  causing  any  deep-seated  chemical  alteration  of 
the  substance.  On  the  other  hand  th3rmus  nucleic  acid  was  found 
unchanged  in  any  way  by  rabbit's  serum  since  not  even  an  altera- 
tion of  the  optical  properties  could  be  observed.^  In  the  meantime 
Levene  and  Jacobs*  have  been  led  to  conclude  that  the  two  nucleic 
acids  are  quite  dissimilar  in  their  chemical  constitution  so  that 
differences  in  their  biological  conduct  are  to  be  expected. 

We  have  recently  had  occasion  to  note  a  very  marked  difference 
in  the  behavior  of  these  two  nucleic  acids  towards  various  prepara- 
tions of  yeast,  'having  uniformly  found  that  yeast  nucleic  acid 
disappears,  while  under  the  same  conditions  thjonus  nucleic  acid 
persists. 

Experiments  were  made  with  a  number  of  preparations,  espec- 
ially brewer's  yeast,  compressed  yeast  and  yeast  powder  which 
we  prepared  by  the  method  of  Lebedew;*  but  the  results  were 
always  the  same  in  that  thymus  nucleic  acid  was  unchanged  and 
could  be  precipitated  by  the  addition  of  sulphuric  acid  while 
yeast  nucleic  acid  disappeared  and  its  decomposition  products 
could  be  found.  Thus  a  1.5  per  cent  solution  of  yeast  nucleic 
acid  was  completely  decomposed  by  compressed  yeast  extract 
m  three  days  while  a  solution  of  thymus  nucleic  acid  under  the 
same  conditions  was  apparently  unchanged  after  digestion  for 
nineteen  days.    In  an  experiment  with  extract  of  yeast  powder 

*  Amberg  and  Jones:  this  Journal,  x,  p.  81. 
^Ibid.,  xii,  p.  411. 

*  Zeitschr,  J.  physiol.  Chem.,  Ixxiii,  p.  447. 
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a  4  per  cent  solution  of  yeast  nucleic  acid  was  completely  decom- 
posed in  three  days  while  a  0.5  per  cent  solution  of  th3rmus  nuddc 
acid  was  unaltered  at  the  end  of  a  month. 

The  decomposition  products  of  yeast  nucleic  acid  obtained  under 
the  conditions  stated  are  not  without  interest  as  will  be  seen  from 
the  following  general  summary  of  results. 


Autolysis 


With  addition  of  yeast  nucleic 
acid 


COKPBCatBD  TSAST 


TSASTPOWPSB 


Adenine  and  xan- 
thine 

Adenine  and  guan- 
ine 


Adenine  and  guan- 
ine 

Adenine  and  guan- 
osine 


It  will  be  observed  first,  that  where  one  is  dealing  with  an 
uninjured  yeast  preparation  (as  compressed  yeast)  and  where  the 
amount  of  nucleic  acid  to  be  decomposed  is  comparatively  small 
(as  in  autolysis)  the  adenine  group  is  set  free  but  not  deaminized 
while  the  guanine  group  is  both  liberated  and  deaminized.  This 
may  be  defined  as  the  normal  condition  for  yeast  and  is  in  accord 
with  the  older  findings  that  yeast  contains  guanase  but  no  aden- 
ase.*  But  the  occurrence  of  adenine  and  the  failure  of  hypo- 
xanthine  among  the  products  of  auto-digestion  of  yeast  are  matters 
that  are  vmique  in  nucleolysis.  There  are  two  paths  along  which 
hypoxanthine  may  be  formed  from  yeast  nucleic  acid:  the  one 
by  liberation  and  deaminization  of  adenine,  a  decomposition  to 
which  the  presence  of  adenase  is  indispensable;  the  other,  by 
the  initial  formation  of  adenosine  which  is  transformed  succes- 
sively into  hjrpoxanthosine  and  hyix)xanthine,  a  succession  of  reac- 
tions which  can  occur  in  the  absence  of  adenase. 


\    r -^^^^  -, 

O  -  PO.C,H,04.C,H,N4(NH,) 

ho/  ' -:rz:^ 

— i 

Fragment  of  yeast  nucleic  acid 


C5H»04.C»H,N4(NH,) 
Adenosine 


C»H90«.C»H,N4(OH) 
Hjrpoxanthosine 

i 


CJI,N4(NH,) 
Adenine 


■»       C»H,N4(0H) 
Hjrpoxanthine 


Most  animal  tissues  do  not  contain  any  adenase  so  that  one 
of  these  paths  of  hypoxanthine  formation  is  out  of  question; 


*  Straughn  and  Jones :  this  Journal^  vi,  p.  245. 
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nevertheless  all  such  tissues  bring  about  a  formation  of  hypo- 
xanthine  from  nucleic  acid^  and  evidently  along  the  second  path 
under  consideration.  But  the  yeast  is  characterized  by  its  ina- 
bility to  bring  about  a  deaminization  of  the  adenine  group  (whether 
this  be  free  or  in  combination)  and  therefore  cannot  produce 
hypoxanthine  from  any  of  its  purine  precursors.  It  will  be  seen 
in  the  experimental  part  which  follows  that,  no  matter  how  the 
»q)eriment  is  arranged,  adenine  is  always  formed,  hypoxanthine, 
never. 

In  the  second  place,  it  will  be  noted,  that  yeast  powder  which 
was  prepared  by  manipulation  of  yeast  has  lost  the  power  of 
converting  guanine  into  xanthine,  which  is  to  say,  the  ferment 
guanase,  normally  present  in  fresh  yeast,  has  been  destroyed. 
We  have  had  occasion  to  notice  the  easy  destruction  of  guanase 
in  other  connections.  For  instance,  a  dog's  liver  was  perfused 
with  large  quantities  of  distilled  water  until  all  hemoglobin  had 
be^  removed.  An  extract  of  this  bloodless  liver  was  found  free 
from  guanase  although  a  second  dog's  liver  perfused  with  normal 
saline  was  found  to  possess  the  ferment  unimpaired.  In  both 
instances  hypoxanthine  was  found  but  no  adenine. 

Finally,  it  may  be  observed  that  the  end  products  of  the  action 
of  yeast  on  yeast  nucleic  acid  depend  upon  the  initial  amount  of 
nucleic  acid  to  be  decomposed — a  curious  phenomenon  which  was 
produced  both  by  fresh  yeast  and  by  yeast  powder.  Compressed 
yeast  proceeds  with  a  small  amount  of  nucleic  acid  as  far  as  xan- 
thine but  when  the  initial  amount  of  nucleic  acid  is  considerably 
increased,  guanine  is  found  as  the  end  product.  Similarly,  yeast 
powder  can  liberate  guanine  from  a  small  amount  of  nucleic  acid, 
while  a  larger  amount  of  nucleic  acid  proceeds  only  as  far  as  guano- 
sine. 

The  isolation  of  purine  derivatives  and  phosphoric  acid  from 
digested  yeast  preparations  is  much  more  difficult  than  in  the 
case  when  one  is  dealing  with  glandular  extracts;  so  that  severe 
losses  often  occur  in  the  estimation  of  the  products  of  digestion. 
Nevertheless  the  results  obtained  are  sufficient  to  establish  the 
conclusions  that  have  been  stated. 

'  Amberg  and  Jones:  Zeitschr,  /.  physiol.  Chem.f  Ixxiii,  p.  407. 
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ExPERiMSNT  V.    100  grams  compressed  yeast;  300  cc.  water;  300  mgm. 

guanine  chloride:  digestion,  8  days. 

After 

hydrolysis, 
gram 

Adenine  picrate 0. 217 

Guanine 0.064 

Xanthine 0.315 

Hypoxanthine 0.0 

Experiment  VI.    150  grams  yeast  powder;  750  cc.  water:  digestion,  10 

days. 

WithoiU  After 

200  cc.  for  purine  bases.  »  hydrolysis.       hydrolysis. 

fftam  ffTun 

Adenine  picrate 0. 141  0.360 

Guanine trace.  0.189 

Xanthine 0.0  trace. 

Hypoxanthine 0.0  0.0 

BO  cc.  for  phosphorus. 

Mg.NH4.PH46HtO 0.347  0.370 

Experiment  VII.  150  grams  yeast  powder;  750  cc.  water;  26.5  grams 
yeast  nucleic  acid:  digestion,  10  days. 

The  product  proved  difficult  to  handle.  After  a  number  of  attempts 
at  filtration  and  centrifugation  in  which  a  large  amount  of  the  material 
was  either  lost  or  abandoned,  a  small  quantity  of  perfectly  transparent 
fluid  was  finally  obtained,  but  what  proportion  of  the  entire  material  was 
contained  in  this  fluid  we  are  unable  to  state.  The  solution  was  treated 
by  the  method  of  Levene  and  Jacobs*  as  follows.  Neutral  lead  acetate 
was  added  to  the  boiling  hot  fluid  and  the  filtrate  from  the  lead  precipitate 
thus  formed  was  treated  with  additional  lead  acetate  and  ammonia.  This 
second  lead  precipitate  was  decomposed  with  sulphuretted  hydrogen,  the 
filtrate  from  the  lead  sulphide  evaporated  under  diminished  pressure  and 
the  macrocr3r8talline  substance  which  deposited  from  the  concentrated 
fluid  by  cooling  to  zero  was  washed  first  with  cold  water  and  then  with  al- 
cohol. After  a  second  crystallization  from  80  per  cent  alcohol  the  material 
was  dried  in  a  desiccator  and  weighed.  The  yield  was  0.928  gram  of  guano- 
sine.  The  most  perfect  crjrstals  of  the  substance  were  obtained  by  treat- 
ing a  hot  solution  in  water  or  10  per  cent  alcohol,  with  enough  acetone  to 
produce  a  turbidity,  and  allowing  it  to  cool.  The  substance  consisted  of 
perfectly  white  aggregations  of  fine  needles  with  pearly  lustre  and  could 
not  be  distinguished  in  any  way  from  guanosine  prepared  by  the  neutral 
hydrolysis  of  yeast  nucleic  acid  under  pressure.  It  did  not  contain  any 
phosphorus. 

*  Levene  and  Jacobs:  Ber.  d.  deutsch.  chem.  Gesellsch.,  xlii,  p.  2474,  2703; 
Levene  and  La  Forge:  ibid.,  xliii,  p.  3150. 
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0.1738  gram  substance  required  11.33  cc.  of  standard  sulphuric  acid  (1 
cc.  »  0.00331  gram  nitrogen). 

CaleuUtodfor 
aHANiO.CiHiOi.2HiO:  Found: 

N 21 .94  per  cent.        21 .62  per  cent. 

500  mgm.  of  substance  were  hydroiyzed  with  5  per  cent  sulphuric  acid. 
On  cooling,  the  solution  deposited  colorless  transparent  crystals  of  guanine 
sulphate,  and  a  drop  of  the  supematent  fluid  gave  a  strong  reduction  with 
Fehling's  fluid  with  production  of  r^d  cuprous  oxide  (cI-riboBe).  The  crystals 
of  guanine  sulphate  were  gotten  again  in  solution  by  heating  and  the  guan- 
ine was  precipitated  with  ammonia.    0.238  mgm.  guanine  was  obtained. 

Theoretical  guanine  from  guanosine,  47.3  per  cent;  found,  47.6  per  cent. 

The  guanine  after  weighing  was  converted  into  various  derivatives  in- 
cluding the  characteristic  chloride  and  was  thus  thoroug^y  identified. 

The  ammoniacal  filtrate  from  guanine  after  removal  of  the  anunonia 
by  boiling  produced  no  precipitate  with  picric  acid.  The  substance  under 
discussion  is  guanosine  beyond  doubt. 

We  go  somewhat  into  detail  concerning  this  matter  because  we 
believe  no  one  has  hitherto  described  the  isolation  and  identifica- 
tion of  guanosine  formed  by  the  action  of  ferments  on  yeast 
nucleic  acid.  Of  course  guanosine  could  not  be  formed  from  thjnoo- 
us  nucleic  acid.  Recently,  Schittenhelm,  London  and  Wiener 
examined  the  products  of  the  action  of  intestinal  juice  on  th)rmus 
nucleic  acid  and  report  the  more  or  less  certain  findmg  of 
guanylic  acid,  guanosine  and  adenosine.^  Levene  and  Jacobs' 
undertake  to  clear  up  the  apparent  discrepancy  in  the  following 
language  "Schittenhelm,  London  and  Wiener  have  thought  that 
they  obtained  guanosine  on  the  digestion  of  thjnmo-nucleic  acid 
by  intestinal  juice.  The  substance  isolated  by  them  gave  the 
orcin  test  and  had  the  appearance  of  guanosine.  However,  thymo- 
nucleic  acid  contains  no  pentose  and  therefore  cannot  yield  guano- 
sine (guanine  riboside).  Undoubtedly  the  nucleic  acid  employed 
by  them  was  contaminated  with  guanylic  acid.  This  consider- 
ation does  not  vitiate  in  any  way  the  conclusion  of  those  writers 
concerning  the  mechanism  of  nucleolysis  .  . "    As  we 

are  inclined  to  believe  that  the  considerations  of  Levene  and 
Jacobs  do  rather  profoundly  affect  the  conclusions  of  those  writ- 
ers, we  may  be  permitted  to  ask  if  the  adenosine  obtained  by 
Schittenhelm,  London  and  Wiener  also  undoubtedly  resulted  from 
the  guanylic  acid  with  which  their  specimen  wa3  contaminated. 

'  Zeiisckr.  f,  physiol.  Chem^f  Ixxii,  p.  469. 
•  This  Journal f  xii,  p.  377. 
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New  York  City.) 

(Received  for  publication,  November  13, 1912.) 

Rubner^  made  experiments  upon  an  American  dwarf  caUing 
himself  "General  Mite"  who  was  twenty  years  old  and  weighed 
only  6.6  kilograms.  This  corresponds  to  the  weight  of  an  infant 
at  the  breast.  The  individual  in  question  ate  a  mixed  diet  and 
behaved  in  general  like  an  adult.  He  exhibited  himself  in  public, 
as  a  professional  freak,  dancing  and  singing.  He  produced  daily 
531  calories  or  80.5  per  kilogram  of  body  weight,  which  may  be 
contrasted  with  70.1  calories  per  kilogram  of  body  weight  in  an 
infant  at  the  breast  weighing  5.4  kibgrams  as  determined  by 
Rubner  and  Heubner.  Per  square  meter  of  surface  the  active 
dwarf  produced  1231  calories  whereas  the  more  quiet  child  pro- 
duced 1006.  An  infant  given  cow's  milk  produced  1143  calories 
per  square  meter  of  surface.  Rubner  found  in  these  figures  the 
proof  that  size  and  not  age  determined  the  intensity  of  the  me- 
tabolism. 

EXPERIMENTAL  PART. 

.The  individual  upon  whom  the  following  experiments  were 
performed  was  a  patient  living  at  the  Rockefeller  Hospital  for 
Medical  Research  who  was  brought  to  this  laboratory  for  intro- 
duction into  the  calorimeter.  His  condition  was  that  described 
by  C.  A.  Herter^  as  intestinal  infantilism.    His  metabolism  as  indi- 

*  Rubner:  Biologische  Geeetze,  Marburg,  1887,  p.  10;  Beiirdge  zur  Ern&h- 
rung  im  Knabenalter,  1902,  p.  45. 

'  Herter:  On  Infantilism  from  Chronic  Intestinal  Infections,  1908. 
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Mi 


DATE 


1911 

April    6^ 


AprU    8 


May     1 


o 


2 

03 
H 

a. 
H 

H 


1 


AprU    7  1  2 


April  21    4 


miB 


NON-PBOT^Or 


COj 


Os     I  R.  Q.       HiO 


imiNB  1 

N 


CO* 


0>       R.Q. 


1.34-2.34 
2.34-3.34 


1.34-2.34 
2.34-3.34 

a.ffi. 
11.10-12.10! 
12.10-1.10 


gramM 


12.02'  11.34 
11.98'    9.66 


grama  \  ;  (^am«  ,  gram 

0.77  I  26.08  0.211 


gramt  i  ^romji  i 

10.0^  9.66  I  0.76 


0.90  I  26.93  0.211   10. OH  7.88  i  0.92 


I 


12.051  11.271  0.78     17.05;  0.230.    9.90  9.33  ]  0.77 
11.62i    9.87;  0.85  t  18.74  0.230'    9.37!  7.93  !  0.86 


lO.OOJ    9.52,  0.76 
9.90,    8.97  0.82 


11.02-12.02  12.67 
12.02-  1.02  11.20 


noon 

12.0O-1.00     11.96 

1.00-2. CO  I  11.69 


11.10 
9.36 


10.26 
9.55 


0.83 
0.87 


0.85 
0.89 


16.14  0.162j    8.49  8.15  1  0.76 
16.88.  0.162    8.39I  7.60     0.80 


18.94  0.177i  11.02*  9.60 


24.4!^ 


0.177     9.65i  7.86 


0  84 
0.88 


5  J 
5J 


6.10 
6.10 


4.29 
,  4.2B 


4 

4. 


28.91  0.1791  10.29  8.75  i  0.85  I  4.74  i 


24.41  0.179'  10.02  804  '  0.91  !  4.74 


cated  by  analyses  of  his  urine  and  feces  has  already  been  elsewhere 
reported  by  one  of  the  writers.'  The  individual  J.  P.  was  seven- 
teen years  old,  113.3  centimeters  high  and  weighed  21.3  kilograms 
naked.  This  gave  him  a  calculated  surface  area  of  0.946  square 
meters.  He  was  accustomed  to  laboratory  procedures.  Introduc- 
tion of  the  electrical  resistance  rectal  thermometer  and  the  subse- 
quent hours  spent  in  the  calorimeter  were  in  no  way  disturbing  to 
him.  He  lay  on  a  mattress  placed  on  the  floor  of  the  calorimeter, 
his  head  resting  on  a  pillow.  He  was  provided  with  illustrated 
periodicals  which  he  usually  read  during  the  first  hour  of  the 

'McCrudden:  Journ.  of  Exp.  Med.,  xv,  p.  107,  1911;  McCmdden  and 
Fales:  ibid.,  xv,  p.  113,  1912. 
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r.  J. p. 


U£8 


BODT  TEMPERATUBE 


1  = 


5 

3D 


a 


38.68  37 
32J2 
'69.40 


40j 


37.31 


a 
S 


-0.0^ 


37.19 


37.10i-0.2ll 


37.03-0.16 


36.92 


37.28  37.15 
36.95 


>  32.33  37.26 
13470 
J  67.03 


37.20 
37.08 


9  33.9&  36.91   36.47 
3  30.87 


-0.11 


-0.13 
-0.20 


-0.06 
-0.12J 


0.44 
36.31-0.16 


I  W8o 


SB 

O 

O 
2 

2: 

ss 
o 

a 


BEHAVIOR 


FOOD 


kgm.    ' 

21.3  I    Asleep  12  min. 
I    Asleep    or    quiet. 


Quiet  and  reading. 
Quiet. 


Quiet. 
Quiet. 


No  breakfast.  At  11.30  a.m.  20 
grams  rice  made  into  a  pudding 
with  cream  and  sugar. 

No  breakfast.  At  11.30  a.m.  123 
grams  tenderloin  steak  (=  4.2 
grams  N).  Refused  to  eat  more. 

No  breakfast.    No  food. 


Quiet  and  reading.  I  Breakfast  at  6.30  a.m.     One  glass 


Quiet. 


Awake. 


Awake  and  asleep. 


milk,    toast   and   one-half   an 
orange. 

Customary  breakfast 
(no  record). 


experiment  after  which    he  fell    asleep  or*  remained    perfectly 
quiet. 

The  analytical  results  were  obtained  at  an  environmental  tem- 
perature of  26°  to  27°  and  are  presented  in  Table  I. 

The  basal  metabolism. 

As  in  the  case  of  the  determination  of  the  basal  metabolism 
of  Dog  II,  this  experiment  was  made  about  eighteen  hours  after 
the  ingestion  of  the  last  meal.  The  dwarf  partook  of  no  breakfast. 
He  complained  a  little  of  weakness.  He  was  quiet  throughout 
the  experiment,  the  results  of  which  were  as  follows: 
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Expenment  5.    Metabolism  of  J.  P.,  eighteen  hours  ajter  food  ingesttou. 

URIMIB 

N 

NON- 

PBOTSIK 

R.Q. 

CALOXnS 

num 

"*>***"        protein      ttfeobted 

1 

a.fn, 
11.10-12.10 
12.10-  1.10 

0.162 
0.162 

0.76 
0.80 

4.29 
4.29 

27.09 
25.45 

31.38 
29.74 

61.12 

These  figures  show  an  average  basal  metabolism  of  30.56  cal- 
ories per  hour.  Calculated  for  the  day  the  total  heat  production 
would  be  733  calories,  or  29  per  kilogram  of  body  weight  and  775 
per  square  meter  of  body  surface.  This  last  figure  corresponds  to 
those  representing  the  basal  metabolisms  of  Dog  I  (weight  » 
13.8  kgm.)  and  Dog  II  (weight  =  9.3  kgm.)  which  were  759  and 
784  respectively.  All  these  figures  agree  within  3  per  cent  and 
the  results  show  the  verity  of  Rubner's  law  of  skin  area  but  place 
the  amount  of  heat  eliminated  at  a  lower  level  than  Rubner's 
figures  indicate.  This  is  because  the  experiments  were  performed 
when  food  was  absent  from  the  intestine  and  a  condition  of  com- 
plete rest  and  absence  from  thermal  influences  prevailed.  Sim- 
ilar results  may  be  calculated  from  Rubner's*  own  observations 
(Experiments  39-40)  on  a  well-trained  quiet  dog  weighing  4.6 
kilograms  which,  during  the  first  and  second  days  of  fasting,  was 
kept  at  an  environmental  temperature  of  33°.  The  surface  area 
of  this  dog  may  be, calculated  to  be  0.3079  square  meter  and 
the  heat  production  at  746  and  75?  calories  per  square  meter  of 
surface  on  the  first  and  second  days  of  fasting. 

It  is  apparent  from  this  that  the  basal  metabolism  is  a  truer 
starting  point  for  comparative  studies  as  regards  the  law  of  skin 
area  than  are  experiments  which  include  mechanical  work,  thermal 
influences  and  the  results  of  food  ingestion. 

From  Benedict's  monograph  on  Inanition,'  one  may  estimate 
the  basal  metabolism  in  man  as  calculated  from  a  night  period 
extending  from  1.00  to  7.00  a.m.  and  beginning  thirty  hours  after 
the  last  ingestion  of  food.    The  following  table  shows  the  basal 


*Rubner:  Die  Gesetze  des  Energieverbrauchs,  1902,  p.  323. 
•  Benedict :  Metabolism  in  Inanition^  Carnegie  Institution  of  Washing- 
ton, 1907,  pp.  480-83. 
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metabolism  of  various  individuals,  founded  on  the  heat  production 
per  square  meter  of  surface  calculated  for  twenty-foiur  hours. 

Table  ahowing  calories  per  sqtuire  meter  of  surface  in  twenty-four  hours  based 
upon  ike  minimal  nighi  metabolism  from  the  thirtieth  to  thirty-sixth  hours 
of  fasting  in  man. 


EXPKXI- 

BADY 

PBB  SQUARB 

MBIIT 

IKDiyiDDAL 

VTBTARV 

MBTBBOF 

BBHAVIOB 

STDICBXS 

BODY  BUBFACB 

kgm. 

eaktieB 

59 

B.  F.  D. 

67.8 

834.8 

Good  sleep  till  6.35  a.m. 

68 

A.  Li.  \j. 

72.9 

809.5 

Asleep. 

69 

A.  L.  L. 

73.8 

905.7 

Not  stated. 

71 

S.  A.  B. 

58.2 

771.8 

Asleep. 

73 

S.  A.  B. 

59.1 

856.3 

Asleep  till  3.30  then  awake 
every  hour. 

75 

0.  A.  B. 

59.5 

858.2 

Slept  fairly  well. 

77 

S.  A.  B. 

61.6 

893.8 

Felt  too  warm  all  night. 

79 

M.  £.  S. 

57.2 

1015. 

Got  up  at  2.24  a.m.  thinking 
it  morning.    Sick  at  stom- 
ach when  he  got  up. 

80 

C.  R.  Y. 

69.3 

940.4 

No  record. 

81 

A.  H.  M. 

62.0 

738.8 

Slept  well  all  night. 

82 

H.  C.  K. 

71.5 

886.2 

Awoke  early. 

83 

H.  R.  D. 

55.6 

954.4  * 

Sound  sleep.    Awake  once. 

85 

N.  M.  P. 

67.6 

935.1 

Woke   up   twice.    Pneumo- 
graph uncomfortable. 

89 

D.W. 

79.1 

865.6 

Woke  up  at  3.45  a.m.    Dozed 
after  this. 

Benedict  on  p.  56  states  of  the  experiment  on  A.  L.  L.  *' fasting  experi- 
ment made  under  conditions  ideal  for  obtaining  minimiun  muscular  activ- 
ity" and  on  p.  107  he  describes  subject  S.  A.  B.  as  being  of  '*  highly  nervous 
temperament." 

In  experiments  59, 68,  71,  81  and  83  the  individuals  slept  soundly 
all  night.  In  the  last  named  experiment  (No.  83),  the  heat  pro- 
duction was  exceptionally  high,  954  calories  per  square  meter  of 
surface.  In  the  other  four  experiments  the  values  835,  809,  772 
and  739  are  found  to  average  789  calories  per  square  meter  of 
surface.  The  variation  amounts  to  the  considerable  figure  of  13 
per  cent,  but  the  average  is  equal  to  the  heat  production  found 
in  our  experiments. 

The  total  heat  production  of  the  dwarf,  therefore,  conforms 
to  Rubner's  general  law  of  skin  area,  which  is  a  fundamental  law 
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In  the  four  experunents  cited  above  the  calories  of  the  protein 
metabolism  amount  to  16,  17,  14  and  15  per  cent  of  the  total 
metabolism  which  indicates  the  presence  of  entirely  normal  con- 
ditions. 

The  results  presented  naturally  fall  into  two  divisions,  (1)  the 
first  hours  during  which  illustrated  papers  or  a  book  were  being 
read  prior  to  complete  relaxation  or  sleep  and  (2)  the  second  hours 
during  which  the  boy  was  quiet  or  asleep  throughout  the  period. 

During  three  experiments  the  calculated  heat  production  dur- 
mg  the  first  hour  was  37.38,  37.28  and  37.29  calories  per  hour, 
an  average  of  37.33  calories.  During  the  second  more  quiet  hours 
the  heat  production  fell  to  32.91,  33.16,  31.64  and  32.53  calories, 
an  average  of  32.55.  Comparing  these  figures  with  the  value 
of  the  basal  metabolism  the  following  results  are  obtained. 


CALOBIES 

INCRKASB 

Galorlet 

Per  cent 

Basal  metabolism 

30.56 

32.55 
37.33 

+  1.99 

+4.78 

Metabolism   resting    in    bed   after 
food 

6.6 

Metabolism  reading  papers  in  bed.. 

14.7 

The  experiments  therefore  led  to  the  conclusion  that  the  influ- 
ence of  small  quantities  of  ingested  food  is  to  increase  the  me- 
tabolism by  6.6  per  cent,  whereas  muscular  work  attendant  upon 
reading  in  recumbent  position  causes  a  still  further  increase  of 
14.7  per  cent.  The  influence  of  very  moderate  muscular  activity 
is  shown  pronouncedly. 

Calculated  on  the  basis  of  twenty-four  hours  the  metabolism 
may  be  measured  as  follows: 


Basal  metabolism 

Metabolism,  reading  after  food 


CALORIES  IN  24  HOUBS 

Total  Per  kilogram 


Per  square 
meter  of  surface 


733 
896 


33 
42 


775 
947 


The  authors  gratefully  acknowledge  the  assistance  of  Dr.  H. 
B.  Williams  and  Mr.  J.  A.  Riche  in  the  performance  of  this  work. 


ON  THE  REFRACTIVE  INDICES  OF  SOLUTIONS  OF 

CERTAIN  PROTEINS. 

Vm.  OLOBIN. 

By  T.  BRAILSFORD  ROBERTSON. 

(From  the  Rttdolph  Spreckeh  Physiological  Laboratory  of  the  University  of 

California,) 

(Received  for  publication,  November  16, 1912.) 
A.  THE  PREPARATION  OP  GLOBIN.* 

Globin  was  prepared  from  ox  corpuscles  by  three  different  modi- 
fications of  the  method  of  Schulz^  as  follows: 

A  thick  suspension  of  ox  corpuscles  was  obtained  from  freshly 
defibrinated  ox  blood  by  centrifugalization,  the  volume  of  the 
suspension  being  about  one-third  that  of  the  blood  from  which 
it  was  derived. 

After  pipetting  off  the  supernatant  serum  the  suspension  was 
diluted  to  the  original  volume  of  the  blood  from  which  it  was 
derived  by  the  addition  of  "  NaCl  solution,  and  the  centrifugali- 
zation  was  repeated,  the  supernatant  fluid  being  removed  as 
before.  This  was  repeated  six  times  in  order  to  free  the  corpuscles 
from  adherent  serum.  After  the  last  centrifugalization  the  cor- 
puscle suspension  was  not  diluted  again  with  NaCl. 

The  thick  suspension  of  corpuscles  which  was  thus  obtained 
was  diluted  to  ten  times  its  volume  by  the  addition  of  distilled . 
water,  the  corpuscles  were  thus  "laked"  and  the  contained  haemo- 
globin was  discharged  into  the  water,  forming  a  clear  solution 
which  was  allowed  to  stand  in  tall  glass  vessels  for  twenty-four 
hours  in  order  to  permit  the  leucocytes  to  settle.  The  upper 
portion  of  the  fluid  was  then  decanted  and  employed,  the  lower 
portion  of  the  fluid  being  rejected. 

^  I  am  indebted  to  Dr.  Charles  B.  Bennett  for  assistance  in  some  initial 
attempts  to  prepare  this  substance. 

*Fr.  N.  Schulz:  Zeitschr.f,  phyaiol.  Chem.,  xxiv,  p.  449,  1898. 
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It  has  been  shown  by  Preyer,*  Schulz*  and  others  that  the 
addition  of  a  suflScient  concentration  of  acid  to  a  solution  of 
haemoglobin  results  in  its  decomposition  into  baematin  and  a 
protein,  globin.  The  former  of  those  substances  is  readily  solu- 
ble in  acidified  ether,  hence  this  decomposition  affords  a  means 
of  preparing  globin  and  separating  it  from  haematin.  Schub 
points  out,  however,  that  the  concentration  of  acid  employed  to 
bring  about  the  decomposition  of  the  haemoglobin  is  of  great 
importance  in  determining  the  completen^s  or  otherwise  of  the 
subsequent  extraction  of  the  haematin  by  ether,  and  my  own 
experiments  abundantly  confirm  this  observation.  If  too  smaD 
a  quantity  of  acid  be  employed  the  haematin  is  only  very  incom- 
pletely removed  from  the  aqueous  layer  by  extraction  with  ether. 
If  too  large  a  quantity  of  acid  be  employed  the  globin  is  denatured 
and  forms  with  the  ether  a  species  of  gel  leaving  the  subnatant 
aqueous  layer  clear  and  colorless  but  free  from  globin.*  I  have 
in  no  instance  been  able  to  obtain  a  perfectly  colorless  aqueous 
layer  which  still  contains  globin  in  a  form  precipitable  by 
ammonia. 

PreUminary  experiments  with  the  solution  of  corpuscles  described 
above  showed  that  the  addition  of  0.25  equivalent  of  HCl  per 
liter  afforded  the  best  results.  The  aqueous  layer  was  still  con- 
siderably colored,  but  0.38  equivalent,  while  p>ermitting  almost 
all  the  color  to  be  extracted  from  the  aqueous  layer,  also  caused 
the  greater  part  of  the  globin  to  leave  the  aqueous  layer.'  On 
the  other  hand,  0.13  equivalent  left  the  aqueous  layer,  after 
extraction  with  ether,  very  deeply  colored  and  the  separation 
into  two  layers  was  also  very  incomplete. 

Accordingly  2.5  liter  portions  of  the  corpuscle  solution  were 
placed  in  six-liter  bottles,  to  the  contents  of  each  bottle  were 
added  56  cc.  of  concentrated  HCl  (specific  gravity  1.18)  and  the 
mixture  was  thoroughly  shaken  and  allowed  to  stand  at  room 

'  Preyer:  Die  Blutkrystalle,  Jena,  1871. 

*  Fr.  N.  Schulz:  loc.  cit. 

*  That  is,  failing  to  yield  a  precipitate  upon  the  addition  of  ammonia. 

*  Dr.  Charles  B.  Bennett  finds  that  once  the  decomposition  of  the  haemo- 
globin into  globin  and  haematin  hydrochloride  has  been  brought  about 
by  hydrochloric  acid,  calcium  chloride  added  to  the  aqueous  layer  has  the 
same  effect  upon  the  partition  of  haematin  and  globin  between  the  ether 
and  water  as  hydrochloric  acid  itself. 
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temperature  for  one  hour.  The  addition  of  the  acid  caused  a 
flocculent  precipitate  to  appear  and  the  mixture  turned  dark 
brown.  Two  and  a  half  liters  of  ether  were  then  added  to  each 
bottle  and  the  contents  were  shaken  thoroughly  until  they  attained 
a  thick  oily  consistency.  Rubber  stoppers  with  two  perforations 
were  then  fitted  into  the  necks  of  the  bottles.  Through  one  per- 
foration was  inserted  a  long  glass  tube  reaching  to  the  bottom  of 
the  bottle,  to  act  subsequently  as  an  air  inlet,  and  .through  the 
other  was  inserted  a  short  tube,  just  reaching  to  the  bottom  of 
the  stopper  and  provided  with  a  rubber  tube  and  pinchcock. 
The  stoppers  were  then  tied  down  and  the  bottles  quickly  inverted 
and  allowed  to  stand  at  room  temperatiwe  for  twenty-foiw  hours. 

By  the  following  day  the  contents  of  the  bottles  had  separated 
into  two  layers,  an  upper,  jelly-like,  very  deeply  colored  ether 
layer  and  a  lower,  still  somewhat  deeply  colored  aqueous  layer 
measuring  about  1.7  liters.  The  latter  was  drawn  oflf  through  the 
shorter  of  the  two  tubes  inserted  through  the  stoppers. 

An  attempt  was  made  to  further  decolorize  this  fluid  by  adding 
to  it  more  acid  and  then  repeating  the  extraction  with  ether,  with 
the  very  peculiar  result  that  the  addition  of  more  acid,  far  from 
favoring  the  extraction  of  haematin  by  the  ether,  was  found  to 
actually  diminish  the  amount  of  haematin  taken  up  by  the  ether. 
In  fact  the  addition  of  0.05  or  0.10  equivalent  per  liter  of  HCl 
and  subsequent  extraction  with  an  equal  voliune  of  ether  resulted 
in  a  very  rapid  separation  into  an  almost  colorless  ether  layer  and 
a  still  highly  colored  water  layer;  yet,  as  the  experiments  cited 
above  show,  had  this  acid  been  added  before  the  first  extraction 
it  would  have  led  to  a  more  complete  extraction  of  haematin  and, 
in  addition,  to  the  inclusion  in  the  jelly-like  ethereal  layer  of  the 
greater  part  of  the  globin.  It  seems  that  the  ethereal  extract  of 
the  original  solution  of  blood-corpuscles  must  contain  some  sub- 
stance or  substances  which  enhance  the  solubility  of  haematin 
hydrochloride  in  ether  and  that  when  these  are  removed,  although 
de-emulsification  of  the  ether  solution  mixture  is  accelerated  by 
acid,  the  power  of  the  ether  to  take  up  haematin  from  the  water 
is  diminished. 

On  shaking  up  the  still  dark-colored  solution  with  ether  vnth- 
otU  any  further  addition  of  acid,  de-emulsification  of  the  mixture 
was  extremely  slow.    I  accordingly  adopted  the  device  employed 
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by  Schulz,^  namely,  that  of  adding  to  the  ether  one-quarter  of 
its  volume  of  alcohol.  This  resulted  in  quick  separation  of  the 
mixture,  after  shaking,  into  two  layers,  an  upper,  ether-aJcohol 
layer  which  was  deeply  colored  and  a  lower  aqueous  layer  some- 
what less  colored  than  before. 

To  2  liters  of  the  watery  layer  derived  from  the  first  extraction 
were  added  2  liters  of  ether  and  500  cc.  of  alcohol,  and  the  mix- 
ture was  thoroughly  shaken.  After  allowing  it  to  stand  for  a 
short  period  the  watery  layer  was  drawn  off  and  the  extraction 
repeated  twice.  After  the  last  extraction  the  watery  layer  had 
become  a  pale  opaque  brown  and  the  ether  layer  was  only  slightly 
colored.  The  watery  layer  was  now  diluted  to  ten  times  its  vol- 
ume by  the  addition  of  distilled  water,  and  150  cc.  of  a  20  per  cent 
solution  of  ammonia  were  added.  A  precipitate  appeared  which 
quickly  redissolved  but  on  adding  a  nearly  equivalent  amount  of 
HCl  it  reappeared,  thus  confirming  the  finding  of  Schulz  that 
globin  is  insoluble  in  dilute  ammonia  in  the  presence  of  a  suflS- 
ciency  of  ammonium  chloride.  This  precipitate  was  collected  upon 
a  hardened  filter-paper,  washed  in  large  volumes  of  alcohol  and 
ether*  and  dried  over  H2SO4  at  36®.  After  twenty-four  hours  it 
was  pulverized,  passed  through  a  fine  sieve  and  returned  to  the 
incubator  to  dry  over  H2SO4  for  one  week.  The  yield  from  2 
liters  of  the  aqueous  layer  obtained  after  the  first  extraction, 
corresponding  to  3  liters  of  the  original  corpuscle  solution  or  300 
cc.  of  the  corpuscle  suspension  ( =  about  900  cc.  of  blood)  was 
4.2  grams. 

Globin  was  thus  obtained  in  the  form  of  a  light  very  friable 
greyish  powder,  readily  soluble  in  dilute  (tV)  acids  and  alkalies. 


^  hoc,  cii. 

•According  to  Schulz  (loc.  cit.)^  globin,  after  washing  with  alcohol  and 
ether  and  drying,  is  much  less  soluble  in  dilute  alkalies  and  acids  than 
normal  globin.  I  have  not  observed  this.  It  is  true  that  dry  globin  dis- 
solves much  more  slowly  than  wet  globin,  but  this  is  a  perfectly  general 
phenomenen  with  proteins  (cf.  T.  Brailsford  Robertson:  Die  physikalische 
Chemie  der  Proteine,  Dresden,  1912,  p.  75)  and  is  due  simply  to  the  fact 
that  time  is  consumed  in  the  penetration  of  the  dry  sponge-like  particles 
of  dehydrated  protein  by  the  solvent.  (Cf.  T.  Brailsford  Robertson:  tWd., 
p.  249.)  I  find,  however,  that  if  dry  globin  be  brought  into  contact  with 
dry  acidified  alcohol  containing  0.1  equivalent  of  HCl  per  liter  (prepared 
by  passing  dry  HCl  gas  into  absolute  alcohol)  not  only  does  it  fail  to  dissolve 
but  it  is  rendered  insoluble  in  dilute  aqueous  solutions  of  acids. 
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yielding,  at  a  concentration  of  2  per  cent,  light  brown  solutions. 
This  substance  will  be  referred  to  as  Preparation  I. 

I  observed  that  on  adding  to  the  watery  layer  obtained  from 
the  first  extraction  four  volumes  of  a  mixture  of  equal  parts  by 
volume  of  alcohol  and  ether,  a  light-colored  precipitate  of  globin 
resulted,  leaving  the  fluid  very  deeply  colored,  although  the  addi- 
tion of  four  volumes  of  alcohol  alone  did  not  produce  a  precipitate. 
Accordingly  to  1-liter  portions  of  the  fluid  derived  from  the  first 
extraction  I  added  2  liters  of  ether  and  2  liters  of  alcohol.  After 
allowing  the  precipitate  to  settle,  which  it  did  with  tolerable 
rapidity,  and  decanting  the  greater  part  of  the  supernatant  fluid, 
it  was  collected  on  a  hardened  filter,  thoroughly  drained,  washed 
twice  with  1  liter  of  alcohol  and  twice  with  1  liter  of  ether  within 
an  incubator  at  36®  over  H2SO4  and  then  dried  in  the  incubator 
for  from  eighteen  to  twenty-four  hours;  at  the  end  of  which  time 
it  was  pulverized,  sifted  and  then  returned  to  the  incubator  to 
dry  for  a  week. 

Three  1 -liter  portions  of  the  watery  layer  derived  from  the 
first  extraction  with  ether  were  treated  in  this  manner.  The  total 
yield  from  this  fluid,  corresponding  to  4500  cc.  of  the  original 
corpuscle  solution,  450  cc.  of  the  corpuscle  suspension  and  about 
1350  cc.  of  blood,  was  37  grams. 

Globin  was  thus  obtained  in  the  form  of  a  coarse  brown  powder, 
readily  soluble  in  dilute  acids  and  alkalies,  yielding,  at  a  concen- 
tration of  2  per  cent,  solutions  somewhat  more  highly  colored  than 
those  yielded  by  the  preparation  previously  described.  This  sub- 
stance will  be  referred  to  as  Preparation  II. 

The  alcohol-ether  precipitate  of  globin,  prepared  in  the  manner 
described  above,  is  readily  soluble  in  dilute  HCl  and  precipitated 
from  this  solution  by  anmionia. 

Accordingly  the  globin  from  1-liter  portions  of  the  watery  layer 
derived  from  the  first  extraction  with  ether  was  precipitated  by 
four  volumes  of  alcohol-ether  mixture,  the  precipitate  collected 
upon  a  hardened  filter,  washed  with  1  liter  of  alcohol,  drained 
and  then  scraped  oflF  the  paper  and  dissolved  in  1  liter  of  t^  HCl. 
This  solution  was  then  diluted  to  4  liters,  and  20  per  cent  ammonia 
solution  carefully  added  until  a  precipitate  just  appeared  (11  cc). 
One  cubic  centimeter  more  of  the  strong  ammonia  was  then  added 
and  the  dense  floceulent  precipitate  collected  upon  a  hardened 
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filter.  It  filtered  rapidly,  the  filtrate  being  pale  yellow.  The 
precipitate  was  then  washed  in  alcohol  (1  liter),  alcohol-ethff  mix- 
ture (1  liter)  and  ether  (2  liters),  the  washings  with  alcohol-etlier 
mixture  and  ether  being  conducted  within  an  incubator  at  36** 
over  H2SO4.  After  draining,  the  precipitate  was  allowed  to  diy 
for  twenty-four  hours  and  then  pulverized  and  sifted  and  returned 
to  the  incubator  to  dry  over  H2SO4  for  one  week. 

Two  1-liter  portions  of  the  water  layer  derived  from  the  first 
extraction  with  ether  were  treated  in  this  manner.  The  total 
jield  from  this  fluid,  corresponding  to  3  liters  of  the  original  cot- 
puscle  solution,  300  cc.  of  the  corpuscle  suspension  and  about 
900  cc.  of  blood,  was  20.6  grams. 

Globin  was  thus  obtained  in  the  form  of  a  very  pale  safiFron- 
colored,  light,  friable  powder,  readily  soluble  in  dilute  acids  and 
alkalies,  yielding  at  a  concentration  of  2  per  cent,  light  brown 
solutions  less  colored  than  those  yielded  by  either  of  the  prep- 
arations previously  described.  This  substance  will  be  referred 
to  as  Preparation  III. 

Schulz  thus  describes  the  product  which  he  obtained,  starting 
with  crystallized  haemoglobin ;  "  Ein  gelbliches,  sehr  lockeres,  nicht 
wesentlich  hygroskopisches  Pulver."  It  differs  from  the  majority 
of  proteins  by  its  high  content  of  carbon  ( =  54.97  per  cent,  Schulz). 
It  is  predominantly  basic  and  is  considered  by  Schulz  to  be  a 
histone.  According  to  Abderhalden*  the  globin  from  horse  blood 
yields,  on  cleavage,  notable  quantities  of  leucine  (29  per  cent)  and 
histidine  (10.96  per  cent.) 

B.   THE  DETERMINATIONS  OP  REFRACnVITY. 

Two  per  cent  solutions  were  made  up  of  each  of  the  above 
preparations  in  t^  KOH,  and  portions  of  these  solutions  were 
diluted  to  1  per  cent  by  the  addition  of  tV  KOH.  Two  and  one 
per  cent  solutions  of  Preparation  III  in  t^  HCl  were  also  prepared. 
The  refractive  indices  of  these  solutions  and  of  the  solvents  (ft 
KOH  and  t^  HCl)  were  measured  at  18°C,  in  a  Pulfrich  refractom- 
eter,  using  d-sodium  flame  as  the  source  of  light. 

•  E.  Fischer  and  E.  Abderhalden:  Zeitschr.  f.  physiol.  Cketn.,  xxxvi,  p. 
268,  1902;  E.  Abderhalden:  ibid.,  xxxvii,  p.  484,  1903;  E.  Abderhalden  and 
L.  Baumann:  ibid.,  li,  p.  397,  1907. 
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The  following  were  the  results  obtained:  The  values  headed  a 
are  calcxilated  from  the  formula  n— rii  =  a  X  c  where  n  is  the 
refractive  index  of  the  solution,  ni  that  of  the  solvent  and  c  is 
the  percentage  of  protein  in  the  solution. 


TABLE  I. 


BOLxmoir 


n  «  RSrRACTITB 
INDKX  OF  SOLU- 
TION AT  18  •  C. 


tcKOH. 
IT  HCl. . 


1  per  cent  Preparation 

2  per  cent  Preparation 

1  per  cent  Preparation 

2  per  cent  Preparation 

1  per  cent  Preparation 

2  per  cent  Preparation 

1  per  cent  Preparation 

2  per  cent  Preparation 


lin^ 
Ilin-^ 
II  in^ 

III  in -fir 
III  in  ^ 
III  in -^ 
III  in -ft 


KOH. 
KOH. 
KOH. 
KOH. 
KOH. 
KOH. 
HCL. 
HCl.. 


1.33465 
1.33442 
1.33623 
1.33791 
1.33607 
1.33751 
1.33631 
1.33799 
1.33615 
1.33783 


0.00158 
0.00163 
0.00142 
0.00143 
0.00166 
0.00167 
0.00173 
0.00171 


0.00008 
0.00004 
0.00008 
0.00004 
0.00008 
0.00004 
0.00008 
0.00004 


It  will  be  observed  that  in  each  case,  within  the  experimental 
error  (due  to  a  possible  error  of  =*=  1'  in  reading  the  angle  of  total 
reflection),  the  difference  between  the  refractivity  of  the  solu- 
tions and  that  of  the  solvent  is  directly  proportional  to  the  con- 
centration of  protein  dissolved  in  the  solution.  The  values  of  a 
for  the  various  preparations,  however,  differ  somewhat.  In  order 
to  assign  to  each  observation  its  due  weight  in  determining  the 
average  values  of  a  for  each  of  these  preparations  it  is  necessary 
to  add  together  the  observed  values  of  n  —rii  for  the  different 
solutions  (2  per  cent  and  1  per  cent)  of  each  preparation  and 
divide  this  sum  by  the  sum  of  the  concentrations  employed  (—3). 
Proceeding  in  this  way  we  obtain: 

TABLE  II. 


BVBflTANCS 

Preparation     I  dissolved  in  t7  KOH . 
Preparation    II  dissolved  in  tt  KOH 
Preparation  III  dissolved  in  tt  KOH 
Preparation  III  dissolved  in  tJ-  HCl . . 


YALxrm  OF  a 


0.00161  *  0.00005 
0.00142  «fe  0.00005 
0.00167  *  0.00005 
0.00171  =fe  0.00005 


The  values  of  o  for  Preparation  III  dissolved  in  it  KOH  and 
in  -iV  HCl  are  identical  within  the  experimental  error;  their  aver- 


THE  SULPHATDDE  OF  THE  BRAIN. 

By  p.  a.  LEVENE. 

(From  the  Laboraioriea  of  the  Rockefeller  Institute  for  Medical  Research  ^ 

New  York,) 

(Received  for  publication,  November  21,  1912.) 

There  exists  very  little  definite  information  regarding  the  nature 
of  the  sulphur-containing  lipoids.  The  authors  who  are  defending 
the  individuality  of  protagon  assume  that  both  sulphuric  and 
phosphoric  acids  enter  into  the  structure  of  its  molecule.  On  the 
other  hand,  Thudichum/  on  the  ground  of  theoretical  considera- 
tions, was  led  to  the  belief  that  the  sulphatide  is  a  distinct  lipoid 
having  some  properties  in  common  with  the  phosphatides.  Unfor- 
tunately he  failed  to  separate  the  two. substances.  The  ratio  of 
sulphur  to  phosphorus  in  the  purest  sample  analyzed  by  this 
author  was  3 :2,  in  other  samples  the  ratio  was  1 :1. 

In  very  recent  years  W.  Koch*  made  the  sulphatide  the  subject 
of  a  new  investigation.  Koch  arrived  at  the  conclusion  that  the 
sulphatide  contained  an  equimolecular  proportion  of  phosphoric 
and  of  sulphuric  acids.  The  analytical  data  led  him  to  formulate 
the  structure  of  the  substance  in  the  following  manner: 

(C4lH»N08)   -  O  -   {SO2)   -  O  -   (Cs2Hi04N,PO4) 

or,  more  graphically, 

O 


•  Phosphatide  —  O  —  S  —  O  ~  Cerebroside 

II 
O 

Thus  the  "phosphatide-cerebroside-sulphatide"  of  Koch  con- 
tained all  the  elements  that  were  supposed  to  be  parts  of  protagon, 
and  in  a  way  the  substance  may  have  been  regarded  with  some 
degreeof  justice  as  the  purest  protagon,  although  W.  Koch  militated 
against  the  existence  of  this  complex. 

*  A  Treatise  on  the  Chemical  Constitution  of  the  Brain,  London,  1884. 

*  Zeitschr.f.  physiol.  Chem.j  Ixx,  p.  94, 1910. 
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A  NOTE  ON  THE  SUGAR  TOLERANCE  IN  THE  PIG. 

By  a.  J.  CARLSON  and  F.  M.  DRENNAN. 
(From  the  Hull  Physiological  Laboratory  of  the  University  of  Chicago,) 

(Received  for  publication,  November  27, 1912.) 

According  to  Minkowski^  almost  complete  pancreatectomy  in 
the  pig  does  not  result  in  as  severe  diabetes  as  is  the  case  in  other 
mammals.  The  results  obtained  by  Gould  and  Carlson*  with 
almost  complete  pancreatectomy  in  two  pigs  seemed  to  confirm 
Minkowski's  observation.  In  order  to  determine  whether  the 
pig's  tissues  possess  unusual  power  to  utilize  sugars  we  made  the 
following  comparisons  of  the  tolerance  of  two  pigs  before  and 
after  complete  pancreatectomy.  Three  pigs  of  nearly  the  same 
size  and  age  were  selected.  One  of  these  was  kept  as  control  on 
the  normal  rate  of  growth. 

Pig  No.  I. 
Weight,  6  kgm. 

191 1,  October  16-20,  Dextrose  dissolved  in  milk  in  quantities  var3ring 
from  2.5  to  10  grams  was  given  on  empty  stomach.  In  every  case  sugar 
appeared  in  the  urine  within  one  hour  after  giving  the  sugar  by  mouth.  The 
total  quantity  of  sugar  excreted  was  not  determined.  The  urine  did  not 
contain  sugar  when  the  pig  was  fed  on  nu'lk  unless  dextrose  was  given  by 
mouth. 

October  2t,  Extirpation  of  the  pancreas  completed  at  4  p.m.  Urine 
was  voided  at  6,  at  8  and  at  10  p.m.    All  the  samples  contained  sugar. 

October  S5.  170  cc.  of  urine  passed  in  twenty-four  hours,  containing 
10.20  grams  of  sugar. 

October  $4-  7  a,m,  80  cc.  of  urine,  containing  5  grams  of  sugar.  Animal 
^ed  of  peritonitis  at  11  a.m.  Post  mortem  showed  complete  removal  of 
the  pancreas. 


*  Minkowski:  Arch,  /.  exp.  Path.  u.  Pharm.y  xxxi,  p.  93,  1893. 

*  Gould  and  Carlson:  Amer.  Journ.  of  Physiol.,  xxix,  p.  174,  1911. 
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Pig  No.  II. 

October  B6-S8.  Milk  diet.  Quantity  of  urine  during  twenty-four  hours 
on  milk  diet,  350-400  cc. 

October  B9.    10.50  a.m.    Fresh  sample  of  urine  contained  no  sugar. 

11.00  a.m.    5  grams  of  dextrose  in  50  cc.  of  buttermilk  given  by  mouth. 

12.S0  p.m.  50  cc.  of  urine  (2  urinations)  contained  0.531  gram  of  sugar. 

1.46  p.m.  45  cc.  of  urine;  no  sugar. 

2.S0  p.m.  35  cc.  of  urine;  no  sugar. 

October  SO.  12  m.  Fresh  sample  of  urine  contained  no  sugar.  5  grams 
of  dextrose  in  50  cc.  of  buttermilk  given  by  mouth. 

1.00  p.m.  40  cc.  of  urine  contained  0.216  gram  of  sugar. 

2.00  p.m.    15  cc.  of  urine  contained  0.203  gram  of  sugar. 

2. SO  p.m.    20  cc.  of  urine  contained  0.188  gram  of  sugar. 

Total  sugar  =  0.607  gram. 

October  SI.    9. SO  a.m.    Sample  of  urine  free  from  sugar. 

10.00  a.m.  2.5  grams  of  dextrose  in  50  cc.  of  buttermilk  given  by  mouth. 

10.20  a.m.    Sample  of  urine  contained  no  sugar. 

11.00  a.m.    30  cc.  of  urine  contained  0.133  gram  of  sugar. 

12.00  m.    28  cc.  of  urine  contained  0.250  gram  of  sugar. 

12. SO  p.m.    Sample  of  urine  free  from  sugar. 

Total  sugar   =  0.383  gram. 

During  the  time  October  29-31  the  pig  was  given  no  food  except  the  quan- 
tities of  dextrose  and  buttermilk  shown  above. 

October  SI.  1.00  p.m.  The  pig  was  allowed  to  eat  as  much  as  it  desired 
of  a  mixture  of  bread  and  sweet  milk. 

2.00  p.m.    40  cc.  of  urine  contained  0.68  gram  of  sugar. 

Novembers.  10.00  a.m.  The  pig  was  allowed  to  eat  as  much  as  it  desired 
of  cooked  corn  meal. 

11.00  a.m.    50  cc.  of  urine  contained  0.312  gram  of  sugar. 

11. SO  a.m.    50  cc.  of  urine  contained  0.412  gram  of  sugar. 

12.00  m.    35  cc.  of  urine  contained  0.143  gram  of  sugar. 

1.00  p.m.    100  cc.  of  urine  contained  slight  traces  of  sugar. 

Total  sugar  =  0.87+  gram. 

November  12.  After  starving  for  two  days  the  pig  was  allowed  to  eat 
as  much  as  it  desired  of  cracked  corn.    No  sugar  appeared  in  the  urine. 

November  21.  Weight  of  pig,  8.2  kgm.  Extirpation  of  the  pancreas. 
During  November  22-28  the  daily  ration  consisted  of  75  grams  of  bread  in 
buttermilk. 

November  22.    310  cc.  of  urine  contained  23  grams  of  sugar. 

November  2S.    350  cc.  of  urine  contained  58  grams  of  sugar. 

November  24-    605  cc.  of  urine  contained  92  grams  of  sugar. 

November  S5.    460  cc.  of  urine  contained  59  grams  of  sugar. 

November  26.    835  cc.  of  urine  contained  114  grams  of  sugar. 

November  27.    900  cc.  of  urine  contained  128  grams  of  sugar. 

November  28.    920  cc.  of  urine  contained  126  grams  of  sugar. 

From  November  29  to  January  8  the  food  consisted  of  bread  and  milk. 
The  sugar  excretion  in  the  urine  continued  about  the  same  as  during  the 
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week  of  November  22-28,  but  the  pig  yras  put  in  the  metabolism  cage  each 
day  only  for  the  time  required  to  secure  one  sample  of  urine. 

January  8,  The  pig  weighed  6.2  kgm.,  having  lost  2  kgm.  since  Novem- 
ber 21.  When  the  pig  was  placed  in  the  cage  450  cc.  of  urine  were  voided, 
in  two  hours,  containing  52  grams  of  sugar.  The  pig  was  given  nothing  but 
buttermilk  for  forty-eight  hours. 

January  10.  270  cc.  of  urine  voided  in  three  hours,  containing  30  grams 
of  sugar.    The  bread  and  buttermilk  ration  was  resumed. 

January  12.  937  cc.  of  urine  contained  113  grams  of  sugar.  The  feces 
contained  no  starch. 

January  18.  1000  cc.  of  urine:  Total  sugar  =  110  grams;  total  N  = 
11.58  grams. 

January  21.  After  feeding  200  grams  of  bread  in  500  cc.  of  buttermilk, 
1300  cc.  of  urine:  Total  sugar  =  151  grams;  Total  N  =  14.1  grams. 

No  food  was  given  January  21-24. 

January  22.  830  cc.  of  urine:  Total  sugar  =  71  grams;  total  N  =  7.72 
grams. 

January  2S.  1410  cc.  of  urine:  Total  sugar  =  67.7  grams;  total  N  = 
12.0  grams.    Weight  of  pig,  5.72  kgm. 

Tlie  pig  did  not  seem  to  recover  well  after  the  starvation  period,  January 
21-24.  The  animal  did  not  eat  heartily  and  was  lying  down  most  of  the 
time.  On  January  26,  the  animal  refused  food  and  water,  so  it  was  killed 
with  ether.    Weight,  5.60  kgm. 

Post  mortem  findings.  The  pancreas  was  completely  removed.  The 
stomach  was  unusually  dilated  and  contained  2280  cc.  of  fluid  and  ingested 
material.  There  was  a  large  aneurism  sac  in  the  fundus  (greater  curva- 
ture) where  the  muscle  layers  were  absent.  The  sac  had  been  formed  by  a 
rupture  of  the  muscle  layer*.  The  duodenum  was  greatly  dilated  and  filled 
with  fluid.    The  conunon  bile  duct  was  dilated  to  a  diameter  of  1  cm. 

Pig  No.  ITT.  Control. 

Several  tests  were  made  of  the  tolerance  to  dextrose  per  os  with  results 
identical  to  those  reported  in  the  cases  of  pig  I  and  II.  On  November  21 
(date  of  pancreatectomy  of  pig  II,  weighing  8.2  kgm.)  pig  III  weighed  8- 
kgm.  On  January  27  this  pig  weighed  27  kgm.  From  November  21  to 
January  26  the  diabetic  pig  lost  weight  at  the  rate  of  about  25  grams  per 
day,  while  the  normal  pig  gained  at  the  rate  of  300  grams  per  day.  The  ac- 
tual loss  of  body  materials  by  the  diabetic  pig  was  greater  than  these  figures 
indicate,  for  more  than  a  third  of  the  weight  of  the  pig  at  death  represented 
fluid  and  ingested  material  in  the  enormously  dilated  stomach  and  duodenum 

1.  While  the  results  on  pig  II  show  that  complete  pancreatec- 
tomy is  followed  by  the  fatal  diabetes  typical  of  other  species, 
we  were  impressed  by  the  length  of  time  the  pig  continued  in  fair 
condition  and  vigor.     It  is  probable  that  the  pig  would  have 


A  NEW   (COLORIMETRIC)  METHOD  FOR  THE   DETER- 
MINATION OF  URIC   ACID  IN  BLOOD. 

By  otto  FOLIN  and  W.  DENIS. 
{Prom  the  Biochemical  Laboratory  of  Harvard  Medical  School,  Boston.) 

(Received  for  publication,  November  30, 1912.) 

Notwithstanding  the  great  physiological  and  clinical  interest 
which  for  more  than  a  hundred  years  has  been  attached  to  the 
"uric  add  in  blood"  no  suitable  method  for  the  determination  of 
this  uric  acid  has  yet  been  discovered.  The  ammoniacal  silver 
nitrate  method  of  Salkowski  and  the  cupric  bisulphite  method  of 
Krtlger  for  precipitating  uric  acid  have  indeed  rendered  valuable 
service,  for  by  their  means  the  presence  of  traces  of  uric  acid  in 
certain  kinds  of  pathological  blood  has  been  positively  established. 
Rough  quantitative  determinations  of  the  uric  acid  in  such  blood 
have  also  been  made  on  the  basis  of  those  methods  though  it  is 
very  doubtful  how  trustworthy  have  been  the  results. 

Bmg3cli  and  Schittenhelm  clearly  recognize  the  doubtful  character  of 
their  own  quantitative  uric  acid  determinationB  in  blood  on  the  basis  of 
those  methods,^  and  in  fact  regard  the  determination  of  as  little  as  1-3 
mgm.  of  uric  acid  as  practically  impossible.  They  emphasize  the  value  of 
the  qualitative  test  for  uric  acid  by  the  murexide  test,  a  point  which  is  well 
taken  in  view  of  the  fact  that  the  analytical  methods  are  not  sensitive 
enough  to  yield  positive  qualitative  tests  for  the  uric  acid  of  normal  blood. 

An  astoimding  feature  of  the  procedure  described  by  Brugsch  and  Schit- 
tenhehn  for  the  detection  and  quantitative  estimation  of  uric  acid  in  blood 
is  the  recommendation'  that  the  blood  be  treated  with  hot  caustic  potash 
solution  (2-5  per  cent)  in  connection  with  the  preliminary  precipitation  of 
the  proteins.  Such  a  treatment  with  caustic  alkalies  is  absolutely  fatal 
since  it  would  destroy  anywhere  from  30  per  cent  to  all  of  the  uric  acid 
originally  present. 

In  view  of  the  well-known  ease  with  which  uric  acid  decomposes  in  alka- 
Une  solutions  such  a  recommendation  coming  from  Schittenhelm,  who  for 

*  Zeitschr.f.  exp.  Path.  u.  Ther.,  iv,  p.  440, 1907;  Miinch.  med.  Wochenschr., 
lix,  p.  2377, 1912. 

*ZeiUchr.f.  exp.  Path.  u.  Ther.,  iv,  p.  441,  1907. 
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reaction  is  therefore  by  no  means  reliable  when  applied  to  such 
unknown  mixtures  as  have  been  obtained  from  the  blood  and  this 
combination  of  circumstances  is  probably  adequate  to  account  for 
the  many  remarkable  "uric  acid"  observations  recorded  in  the 
literature. 

There  is  no  doubt,  however,  that  by  treating  greatly  concen- 
trated mother  liquor  obtained  from  blood  with  ammoniacal  silver 
nitrate  or  with  copper  bisulphite,  traces  of  uric  acid  can  be  ob- 
tained. This  is  true  not  only  for  abnormal  blood  which  is  rich 
in  uric  acid  but  holds  also  for  normal  human  blood,  though  the 
various  methods  heretofore  in  use  have  not  been  sensitive  enough 
to  reveal  such  traces  of  uric  acid.  Even  in  the  case  of  gouty 
blood  containing  relatively  large  quantities  of  uric  acid  a  great 
deal  of  blood  (75  cc.  or  more)*  must  be  taken  in  order  to  obtain 
even  a  qualitative  test.  For  quantitative  determinations  Brugsch 
and  Schittenhelm  use  from  150  to  300  grams,  i.e.,  nearly  10  per 
cent  of  all  the  blood  in  the  body. 

The  new  method  described  in  this  paper  is  based  on  the  highly 
delicate  color  reaction  with  our  "uric  acid  reagent,"  a  phospho- 
tungstic  acid  solution  by  means  of  which  one  part  of  uric  acid 
in  one  million  parts  of  water  gives  a»positive  test.  The  color 
obtained  from  a  quarter  of  a  milligram  of  uric  acid  is  quite  ade- 
quate for  a  quantitative  determination.  Normal  human  blood,  as 
we  have  discovered,  contains  about  that  much  uric  acid  in  from 
15  to  25  cc.  so  that  on  the  basis  of  such  volumes  we  are  now  able 
to  make  quantitative  determinations  of  the  uric  acid  in  blood. 

For  coagulating  the  proteins  we  use  five  volumes  of  boiling  tott 
acetic  acid  solution  (10  cc.  of  normal  acetic  acid  to  a  liter  of  water). 
The  blood  is  drawn  into  small,  wide-mouth  bottles  previously 
weighed  and  containing  a  small  amount  (about  0.1  of  a  gram)  of 
finely  powdered  potassium  oxalate.  From  the  subsequent  weight 
of  each  bottle  is  obtained  the  weight  of  the  blood.  Five  times 
this  weight  of  rwu  acetic  acid  solution  is  transferred  to  an  ordi- 
nary liter  flask  and  heated  to  boiling.  The  oxalate  blood  is 
then  poured  into  this  boiling  acetic  acid  solution  and  the  heat- 
ing is  continued  until  the  solution  has  again  begun  to  boil.  The 
mixture  while  stiJl  hot  is  filtered.     The  coagulated  material  on 

•Brugsch  and  Schittenhelm:  Zeiischr.  f.  exp.  Path.  u.  Ther.,  iv,  p.  442, 
1907. 
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lactate  solution,^  2  drops  of  magnesia  mixture  and  a  sufficient 
amount  of  strong  ammonium  hydrate  (10-15  drops)  to  dissolve 
the  silver  chloride.    The  tube  is  centrifuged  for  two  or  three  min- 
utes, the  supernatant  liquid  poured  off  and  to  the  residue  are  added 
four  or  five  drops  of  fresh  saturated  hydrogen  sulphide  water  and 
one  drop  of  concentrated  hydrochloric  acid.    The  tube  is  now 
placed  for  a  period  of  five  or  ten  minutes  in  a  beaker  of  boiling 
water  in  order  to  remove  the  excess  of  hydrogen  sulphide.    Since 
hydrogen  sulphide  produces  a  blue  color  reaction  with  the  phos- 
photungstic  reagent  it  is  of  course  important  to  remove  every 
trace  of  this  substance.    To  secure  this  a  drop  of  0.6  per  cent  lead 
acetate  is  added  to  th^  contents  in  the  centrifuge  tube  as  it  is 
taken  out  of  the  hot  water.    Ordinarily  very  little  or  no  lead 
sulphide  (blackening)  is  produced,  showing  that  all  the  hydrogen 
sulphide  is  gone  as  the  lead  acetate  added  is  enough  to  give  a 
heavy  black  precipitate.    If  such  a  precipitate  is  obtained  it  is 
safest  to  heat  the  tube  in  the  water  bath  for  another  five  minutes, 
and  then  add  another  drop  of  lead  acetate  solution.    When  all 
the  hydrogen  sulphide  is  thus  removed  the  contents  of  the  tube 
are  centrifuged  for  one  or  two  minutes.    The  supernatant  liquid  is 
then  transferred  by  decantation  as  completely  as  possible  to  a 
small  beaker  and  the  inside  of  the  tube  washed  with  a  stream  of 
water  from  a  wash  bottle,  care  being  taken  to  disturb  as  little  aa 
possible  the  solid  residue  at  the  bottom  of  the  tube.    The  wash 
water  (which  should  not  exceed  5  cc.  in  volume)  is  then  added 
to  the  liquid  in  the  beaker  and  to  this  acid  solution  containing  the 
uric  acid  is  then  added  2  cc.  of  the  uric  acid  reagent*  and  10,  16 
or  20  cc.  of  saturated  sodium  carbonate  solution  depending  on 
whether  the  color  obtained  requires  a  final  dilution  to  25,  50  or 
100  cc. 

•  Silver  nitrate  is  undesirable  in  this  connection  because  traces  of  liber- 
ated nitric  acid  are  not  easily  excluded  and  might  destroy  some  of  the  uric 
acid.  Folin  and  Macallimi  used  silver  sulphate  to  avoid  this  danger  but 
the  sulphate  is  very  insoluble.  The  lactate  is  therefore  the  most  service- 
able silver  solution  that  we  have  yet  found  for  the  precipitation  of  uric 
acid.  Since  several  reagents  are  added  drop  by  drop  in  this  work  it  is 
very  convenient  to  keep  the  solutions  in  so-called  dropping  bottles. 

*  This  reagent  as  stated  in  previous  papers  contains  100  grams  of  sodium 
tungstate  and  80  cc.  of  phosphoric  acid  (85  per  cent)  per  liter,  all  boiled 
together  for  one  or  two  hours.    See  this  Journal^  xii,  p.  239,  1912. 
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possess  considerable  interest  of  their  own,  we  prefer  to  make  them 
the  subject  of  a  separate  paper.  Here  we  wish  therefore  to  add 
only  the  determinations  of  uric  acid  previously  added  to  blood, 
showing  that  by  this  method  it  is  possible  to  determine  the  minute 
quantities  occurring  even  in  normal  human  blood. 

Bnigsch  and  Schittenheim  have  recorded  a  few  similar  experiments*^  by 
which  they  tested  the  merits  of  the  method  which  they  employed  in  their 
quantitative  work  on  the  uric  acid  in  blood.  They,  however,  first  dissolved 
the  uric  acid  in  boiling  lithium  hydroxide  and  then  added  from  100  to  200 
mgm.  of  uric  acid  to  each  100  grams  of  blood.  Results  obtained  from  such 
experiments  have  no  bearing  on  the  actual  analysis  of  hiunan  blood  con- 
taining at  most  only  8-10  mgm.  per  100  cc. 

In  the  experiments  recorded  below  the  uric  acid  solution  (1  mgm. 
per  cc.)  was  prepared  by  the  help  of  lithium  carbonate,  as  described 
m  a  previous  paper,^^  and  this  solution  was  added  in  proportions 
of  from  1  to  10  cc.  to  100  cc.  of  sheep  blood  which  contains  no 
uric  acid,  t.e.,  less  than  0.05  mgm.  per  100  cc. 


TOLXTMB  OF  BLOOD  TAKEN 
FOB  AKALTBIB 

UBIC  ACID  ADDED 

URIC  ACID  POCKD 

ce. 

mgm. 

per  too  cc. 

mgm.  per  100  cc. 

50 

0 

less  than  0.05 

25 

i 

0.96 

25 

1 

0.98 

25 

2 

2.00 

15 

2 

2.00 

15 

4 

3.90 

25 

4 

4.00 

20 

6 

5.80 

10 

8 

7.40 

15 

8 

7.50 

10 

10 

9.40 

10 

10 

9.60 

^^  ZeiUtchr.  f.  exp.  Path.  u.  Ther.,  iv,  p.  447,  1907. 
"  Folin  and  Macallum:  loc  cit. 


A    NEW  COLORIMETRIC    METHOD    FOR  THE  DETER- 
MINATION OF  EPINEPHRINE.^ 

BY  OTTO  FOLIN,  W.  B.  CANNON  and  W.  DENIS. 

{Prom  the  Laboratories  of  Biochemistry  and  Physiology  of  the  Harvard  Medical 

School f  Boston.) 

(Received  for  publication,  November 30, 1912.) 

In  an  earlier  paper  Folin  and  Denis  described  the  preparation 
of  a  phosphotnngstic  acid  solution  which  proved  extraordinarily 
sensitive  as  a  reagent  for  uric  acid  and  which  also  gave  a  similar 
(blue)  color  reaction  with  polyphenol  compounds.  One  such 
phenol  derivative  is  epinephrine.  Solutions  containing  1  part  of 
epinephrine  in  3,000,000  parts  of  water  give  an  unmistakable  reac- 
tion with  this  reagent.  According  to  the  seemingly  careful  com- 
parative studies  recently  published  by  Borberg^  none  of  the  usual 
color  reactions  for  epinephrine  are  capable  of  revealing  the  pres- 
ence of  this  substance  in  dilutions  greater  than  1  part  in  300,000 
parts  of  water.  Our  reaction  is  therefore  approximately  ten  times 
as  sensitive  as  the  best  chemical  tests  hitherto  proposed  and  in 
fact  approaches  in  delicacy  the  remarkable  physiological  reactions 
which  have  heretofore  been  employed  in  testing  for  epinephrine. 
The  elaboration  of  the  reaction  into  a  quantitative  method  for  the 
determination  of  epinephrine  in  commercial  suprarenal  extracts 
as  well  as  in  "home  made"  extracts  of  suprarenal  glands  proved 
a  comparatively  easy  imdertaking. 

Through  the  courtesy  of  Dr.  Reid  Himt  we  were  saved  the 
laborious  and  indispensable  task  of  preparing  a  sample  of  pure 
epinephrine.    From  him  we  obtained  some  of  the  ash-free  epi- 

*  "The  Council  on  Pharmacy  and  Chemistry  of  the  American  Medical 
Association  has  lately  adopted  the  name  Epinephrin  for  the  active  principle 
of  the  suprarenal  glands  in  preference  to  using  a  'protected'  name  and  it 
is  for  this  reason  that  we  are  using  the  word  in  this  paper."  See  Abel: 
Journ.  of  Pharmacol,  and  Exp.  Therapeutics,  iii,  p.  328,  1912. 

*  Skand.  Arch.  f.  Physiol.,  xxvii,  p.  347,  1912. 
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respect  muscle,  glands  and  other  organs  were  found  to  behave  m 
the  same  way.  Fortunately,  however,  the  blue  color  obtained  by 
adding  the  uric  acid  reagent  to  extracts  of  blood  and  tissues  other 
than  the  suprarenals  is  so  very  smaD  compared  with  the  color 
obt€dned  from  the  latter  as  to  be  practically  negligible.  The 
suprarenals  might  of  course  contain  some  other  specific  products, 
besides  epinephrine,  capable  of  giving  the  same  blue  reaction  as 
the  latter.  Although  there  is  no  reason  why  such  should  be  the 
case  it  seemed  desirable  and  indeed  necessary  to  determine  the 
point  experimentally  by  checking  up  the  values  obtained  colori- 
metrically  by  a  standard  physiological  method. 

Our  extracts  were  made  in  the  following  manner:  The  weighed 
gland  is  thoroughly  rubbed  in  a  mortar  with  fine  sand  and  tenth- 
normal hydrochloric  acid.  The  mixture  is  then  rinsed  into  an 
Erlenmeyer  flask  with  more  tenth-normal  acid  and  water,  using 
in  all  about  15  cc.  of  the  acid  for  each  2  grams  of  gland  and  about 
three  times  as  much  water.  The  acid  mixture  is  then  heated  to 
boiling.  In  the  presence  of  so  much  hydrochloric  acid  there  is 
no  coagulation  and  the  epinephrine  is  thoroughly  dissolved.  To 
the  boiling  mixture  is  then  added  a  little  10  per  cent  sodium  ace- 
tate solution  (5  cc.  for  each  15  cc.  of  hydrochloric  acid  present) 
and  the  mixture  is  again  heated  to  boiling.  The  albuminous 
material  comes  down  promptly  under  this  treatment.  Instead  of 
filtering  and  washing  at  this  stage  we  transfer  the  whole  mixture 
(except  the  sand)  to  a  volumetric  flask  (capacity  100  cc.  for  each 
2  grams  of  gland)  and  dilute  up  to  the  mark  with  water.  The 
solution  so  obtained  or  as  much  of  it  as  is  needed  can  be  filtered 
or  centrifuged,  giving  finally  a  solution  which  is  nearly  or  quite 
as  clear  as  water.    Ours  were  obtained  by  help  of  the  centrifuge. 

Notwithstanding  the  highly  interesting  and  convincing  character  of 
Elliott's  recent  epinephrine  determinations  by  the  blood  pressure  method, 
we  are  inclined  to  think  that  froni  the  standpoint  of  quantitative  analysis 
his  figiires  are  probably  not  particularly  exact,  although  the  physiological 
reaction  involved  appears  to  be  suprisingly  regular.  Epinephrine  is  ex- 
tracted with  considerable  difficulty  from  coagulated  material  and  it  is 
rigidly  destroyed  by  hot  Ringer's  solution.  Elliott  probably  did  not 
always  get  out  all  the  epinephrine  present  and  he  certainly  always  destroyed 
Rome  of  it  by  using  the  more  or  less  alkaline  Ringer's  solution. 

The  colorimetric  determinations  in  the  extracts  described  above 
were  made  at  once  as  follows: 
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TABLE  I. 
Epinephrine  content  of  different  suprarenal  glands."^ 


KIND  or  OLAND 


Sheep  (1) 

Sheep  (2) 

Sheep  (3) 

Lamb 

Cattle 

Young  cat 

Rabbit 

Dog 

Monkey 

Calf* 

Calf 


WEIGHT  OP  GLA.ND   TOTAL  EPINEPHBINB 


grnmt 

2.25 
2.07 
3.16 
2.99 
2.66 
2.66 
1.17 
1.02 
11.69 
0.164 
0.164 
0.239 
0.264 
0.641 
0.620 
0.327 
0.360 
2.26 
2.08 
3  07 
2.60 


I 


mgm. 

6.66 
6.40 
8.80 
7.80 
6.66 
6.40 
3.00 
3.00 

46.00 
0.20 
0.25 
0.76 
0.86 
1.50 
1.27 
0.66 
0.86 
7.60 
7.32 

10.66 
8.82 


EPINEPHRINE  PER 
ORAM  OF  OLAND 


mgm. 

2.96 
3.08 
2.78 
2.60 
2.50 
2.41 
2.56 
2.94 
3.96 
1.22 
1.52 
3.18 
3.25 
2.33 
2.04 
2.01 
2.39 
3.36 
3.52 
3.47 
3.33 


'These  glands  were  from  "vaccine  calves"  and  were  obtained  from  Dr.  Theobald  Smith* 
The  animals  were  killed  by  means  of  a  blow  on  the  head  and  immediate  bleeding;  their  supra- 
renab  like  thooe  of  the  slaughter-house  animals  therefore  probably  contain  a  normal  amount 
of  epinephrine. 

Elliott.*  A  cat  was  quickly  etherized;  a  tracheal  cannula  was 
immediately  inserted,  and  the  brain  then  pithed.  Artificial  res- 
piration without  ether  was  at  once  begun  and  was  continued 
through  the  experiment.  Cannulas  were  fastened  into  the  com- 
mon carotid  artery  and  into  the  external  jugular  vein.  The  jugu- 
lar cannula  was  placed  low  in  the  neck  so  as  to  avoid  as  far  as 
possible  any  ineffectiveness  of  the  injected  fluid  through  stasis  in 

^  The  epinephrine  determinations  in  the  suprarenals  of  the  cat,  rabbit, 
dog  and  monkey  were  not  made  at  the  same  time  as  the  determinations  on 
the  slaughter-house  animals,  and  the  figures  obtained  from  them  probably 
do  not  represent  the  normal  values  because  those  animals  had  been  used 
for  other  experiments  before  being  killed. 

•Elliott:  Journ.  of  Physiol.,  xliv,  p.  376,  1912. 
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TABLE  11. 

Epinephrine  as  determined  (A)  colorimetrically  (B)  by  its  effect  on  the  blood 

pressure, 

I  TOTAL  BPINBPHRINB      EPINEPHRINK  BY 
KIND  OF  BDPRARENAL  GLAXD       i  WBIOHT  OF  OLAND        BT  COLOBIMETBIC    \     ELLIOTT'B  BLOOD 


Sheep  (1) 

Sheep  (2) 

Sheep  (3) 

Lamb 
Cattle. . . . 


/I- 
12. 

2. 
2. 
2. 


JVC   v>vrj.x#nans<<  <&«\< 

METHOD 

PRES8DBE  METHOD 

gramt 

mom. 

mgm. 

2.25 

5.2 

• 

3.07 

4.6 

5.0 

3.16 

6.1 

6.2 

2.99 

5.6 

5.6 

2.66 

5.2 

5.0 

2.66 

5.0 

5.0 

i.ir 

2.2 

23 

1.02 

2.2 

2.5 

1 

^ 

11.69 

35  0 

37  5 

It  should  be  stated  in  connection  with  the  above  figures  that 
Cannon,  who  made  the  physiological  test,  did  not  know  the  values 
obtained  by  the  colorimetric  test,  nor  did  Folin  and  Denis  know 
the  values  obtained  by  the  blood  pressure  process  until  all  the 
figures  were  ready  for  comparison. 


ADDENDUM. 

It  is  worthy  of  note  that  incidental  experiments  have  proved 
that  the  method  here  described  is  sufficiently  delicate,  when  ap- 
plied to  blood  taken  from  the  adrenal  veins,  to  give  a  stron'^er 
color  reaction  after  stimulation  of  the  splanchnic  nerves  than  be- 
fore. Thus  to  the  various  physiological  evidences  that  splanch- 
nic stimulation  excites  secretion  of  the  adrenal  glands  is  added 
chemical  evidence. 


NEPHELOMETRY  IN  THE  STUDY  OF  PROTEASES  AND 

NUCLEASES. 

FIRST  PAPER. 

By  PHILIP  ADOLPH  KOBER. 

(From  the  Harriman  Research  Laboratory^  Roosevelt  Hospital^  New  York, 

N.  Y.) 

(Received  for  publication,  December  1,  1912.) 

INTBODUCnON. 

The  author  in  studying  ferments,  required  a  method  which 
would  reveal,  quickly  and  accurately,  any  change  in  the  activity 
of  the  ferment  during  the  course  of  an  investigation.  The  follow- 
ing method,  which  is  based  on  the  use  of  a  nephelometer,  intro- 
duced into  analjrtical  chemistry  by  Richards,^  seems  to  meet  those 
requirements. 

The  following  four  requisites  can  be  given  for  a  good  method 
of  estimating  proteases.' 

1.  The  substance  used  for  a  substrate  should  be  a  protein. 

2.  The  protein  should  be  soluble  in  the  solution  of  the  ferment, 
in  distinction  to  a  reaction  between  phases. 

3.  Any  and  all  unchanged  protehi  should  be  completely  precipi- 
table  by  a  convenient  reagent. 

4.  This  undigested  protein  should  be  determinable,  accurately 
and  quickly. 

A  suitable  protein  for  peptic  digestion  is  edestin,'  owing  to  its 
solubility  in  weak  hydrochloric  acid  solution.  Casein*  is  well 
adapted  for  tryptic  digestion,  owing  to  its  solubility  in  weak  alkali 

*T.  W.  Richards:  Zeitschr.  f.  anorg.  Ckem.f  viii,  p.  269,  1895;  Richards 
and  Wells:  Amer.  Chem.  Journ.,  xxxi,  p.  235,  1904;  Richards:  ibid.y  xxxv, 
p.  510,  1906. 

*The  subject  of  suitable  units  for  proteases  will  be  discussed  in  the 
near  future. 

'  Fuld  and  Levison:  Biochetn.  Zeitschr,,  xi,  p.  473,  1907. 

*  Gross:  Arch.f.  exp.  Path  .  Iviii,  p.  157,  1907. 
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solution,  and  yeast  nucleic  acid  in  dilute  solutions  is  simikrty 
adapted  for  the  study  of  nucleases. 

Edestin^  is  easily  and  quantitatively  precipitated  as  edestan 
from  its  acid  solution  by  12  per  cent  sodium  chloride  solution. 
Casein  can  be  completely  thrown  down  by  a  weak  acetic  acid  soixh 
tion  and  other  precipitants,  while  yeast  nucleic  acid  can  be  rea- 
dered  wholly  insoluble  by  a  slight  excess  of  hydrochloric  add. 

By  using  the  specially  devised  nephelometer  (easily  made  from 
the  Duboscq  colorimeter)  described  below,  one  can  determine  the 
amoimt  of  any  imdigested  substance  which  is  precipitated  in  the 
form  of  a  suspension  by  these  reagents,  and  thus  follow  the  diges- 
tion of  edestin  with  pepsin,  of  casein  with  erepsin  and  trypsin, 
etc.,  and  yeast  nucleic  acid  with  nucleases  quantitatively,  with 
an  error  of  less  than  2  per  cent.  As  a  study  of  precipitants  for 
casein  and  for  yeast  nucleic  acid  is  still  in  progress  the  results  cm 
edestin  only  will  be  given  in  this  paper. 

METHOD. 

(a)  Description  of  the  instrument  and  its  construction. 

As  the  nephelometer  described  by  Richards  yields  its  best 
results  only  on  taking  a  large  number  of  readings  (from  ten  to 
twenty),®  and  since  for  ferment  work  so  much  time  for  readings 
is  objectionable,  an  improvement  was  highly  desirable. 

A  similar  instrument  of  greater  accuracy,  one  that  jaelds  reliable 
results  with  a  few  readings  comparable  to  those  obtained  with  a 
Duboscq  colorimeter,  would  greatly  enhance  the  value  of  the 
nephelometer  for  physiological  chemists.  No  doubt  the  Richards 
instrument  sufficed  for  the  purpose  for  which  Richards  designed 
it  and  therefore  efforts  to  improve  it  were  heretofore  superfluous. 
Since,  however,  the  instrument  is  not  desired  now  to  yield  a  cor- 
rection to  some  other  analytical  process,  but  to  form  the  basis 
of  the  analjrtical  process  itself  and  to  yield  all  the  figures  of  the 
determination,  greater  accuracy  is  required. 

*  T.  B.  Osborne:  Journ.  Amer.  Chem.  Soc,  xxiv,  p.  28,  1902. 

•  As  stated  in  a  private  communication  to  the  author,  the  Richards  in- 
strument rarely  departs  more  than  4  per  cent  from  the  true  value  on  a 
single  reading;  the  mean  of  these  readinp^  is  within  2  per  cent;  but  to  attain 
accuracy  within  0.5  per  cent,  many  readings  are  needful. 
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Without  going  into  the  various  considerations  connected  with 
the  improvement  of  the  nephelometer,  it  is  sufficient  to  say  that 
the  optical  workmanship  of  the  Duboscq  colorimeter  proved  to 
be  an  excellent  basis  on  which  to  build  a  nephelometer,  and  the 
following  therefore  represents  an  attempt  to  obtain  greater  accu- 
racy.^ 

The  change  from  colorimeter  to  nephelometer,  and  vice  versa, 
can  be  made  in  a  few  minutes  with  the  simple,  easily  made  addi- 
tions described  below.  As  most  laboratories  have  a  Duboscq 
colorimeter,  an  additional  useful  mstrument  can  be  produced  in 
this  way  with  little  expense. 

The  essentia]  differences  between  the  new  and  the  older  nephel- 
ometers  are  as  follows: 

1.  In  the  new  instrument,  a  plimger  changes  the  height  of 
liquid  under  observation. 

2.  A  shutter  supplements  the  action  of  the  plimger  in  cutting 
off  the  amoimt  of  light. 

3.  The  new  nephelometer  eliminates  three  possible  sources  of 
error:  the  meniscus,  the  indirect  reflection  of  light  from  suspended 
matter  in  the  lower  part  of  the  {ubes,  and  the  reflection  of  light 
from  one  tube  to  another. 

4.  The  dark  shade  reduces  any  error  due  to  the  reflection  of 
light  on  the  eyepiece. 

5.  The  new  instrument  is  more  adaptable  to  daylight. 

6.  Less  liquid  is  needed  for  a  test,  6  cc.  being  the  maximum 
amount  needed. 

7.  The  instrument  is  inclined,  so  as  to  make  observations  more 
convenient,  and  to  prevent  air  bubbles  from  forming  when  the 
plungers  are  first  introduced  into  the  liquid. 

The  accompanjdng  drawing,  for  which  I  am  indebted  to  Mr. 
Sugiura,  shows  clearly  enough  the  arrangements  without  much 
further  description. 

The  tubes  containing  the  liquid  can  be  made  from  soft  glass  having  a 
bore  of  15.2-0.3  nmi.  by  anybody  having  a  little  skill  in  glass  blowing. 

The  nephelometer  shown  here  was  made  by  the  author,  without  any 
special  tools  or  skill,  from  small  packing-box  boards. 


'  Judging  only  from  the  readings  with  the  new  nephelometer,  greater 
accuracy  was  obtained  but  as  both  instruments  were  not  compared  by  the 
same  person  under  similar  circumstances,  this  statement  needs  further 
confirmation. 
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The  essential  points  are : 

1.  The  sides  of  the  glass  plungers  are  given  several  coats  of  black  asphal- 
tum  paint,  leaving  the  circular  ends  clean,  with  sharp  and  well-defined 
edges.  This  change  can  be  made  permanent,  as  it  does  not  interfere  with 
the  use  of  the  instrument  as  a  colorimeter. 

2.  A  removable  wooden  partition,  fastened  to  a  wooden  bottom  plate 
as  shown  in  the  drawing,  is  fitted  to  the  instrument.  This  partition 
serves,  not  only  as  a  guide  for  the  two  shutters,  but  prevents  reflection  of 
light  from  one  tube  to  another. 

3.  The  shutters  which  are  held  to  the  plunger  brackets  by  a  spring  clamp, 
are  made  of  the  same  material,  and  serve  to  eliminate  stray  reflections. 

4.  The  tube  holder,  which  is  fastened  below  the  metal  base,  by  means 
of  two  rubber  bands,  contains  two  holes  which  receive  the  bottoms  of  the 
tubes. 

5.  The  eyepiece  is  inclosed  in  a  wooden  or  paper  box,  with  an  opening 
sufficiently  large  to  admit  a  man's  head. 

This  eyepiece,  as  well  as  all  other  wooden  additions,  is  covered  with  black 
asphaltum  paint. 

(6)  General  considerations. 

As  has  been  mentioned  the  instrument  can  be  used  with  day- 
light, but  for  accurate  work  this  light  varies  and  is  not  always 
sufficiently  constant.  Reliable  results  are  obtained  with  a  100 
watt  "Mazda"  lamp,*  placed,  well-screened,  about  one-half  meter 
from  the  nephelometer. 

To  use  the  instrument  for  quantitative  work,  it  must  be  care- 
fully standardized  with  solutions  of  known  strength,  keeping  the 
instrument  under  the  exact  lighting  arrangements  as  in  actual 
work.  The  amoimt  of  light  observed  in  the  eyepiece,  as  pointed 
out  by  Richards  and  by  Wells  is  not  proportional  to  the  weight 
of  the  precipitate  under  observation,  but  seems  to  be  dependent 
to  some  extent  on  the  condition  of  the  precipitate,  the  concentra- 
tion or  amoimt  of  substance  per  cubic  centimeter  and  the  height 
and  thickness  of  the  liquid. 

If  a  standard  solution  is  always  used  in  the  same  way,  i.e.,  the 
same  concentration  and  the  same  height  of  the  liquid  in  the  nephel- 
ometer, then  the  readings  obtained  with  "unknown"  solutions, 
plotted  against  the  ratios  of  the  solution,  will  follow  with  con- 
siderable accuracy,  a  definite  and  regular  curve  as  may  be  seen  in 

'  I  am  indebted  to  Mr.  W.  F.  Brady,  Vice-President,  New  York  Edison 
Company,  for  placing  at  my  disposal  a  generous  supply  of  different  size 
tungsten  lamps. 
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In  the  following  work  with  edestin  a  scheme  is  presented  which 
practically  eliminates  this  adjustment  of  volumes. 
The  curve  in  figure  2  can  be  expressed  in  the  following  equation. 

where  y  =  height  of  "unknown"  solution,  x  =  ratio  of  solutions 
and  8  =  height  of  standard  solution. 

By  d  b  meant  the  reading  of  the  nephelometer  with  the  standard 
solution  used  as  an  "unknown/'  or,  in  other  words,  when  the  ratio 
of  the  solutions  is  unity.  This  serves  to  eliminate  any  errors  due 
to  faulty  light,  tubes,  plungers,  etc. 

Where  if  =  a  constant,  obtained  by  substitution  of  standard- 
ization values. 

Therrfore,  if  once  the  value  oi  Kis  derived  for  any  given  stand- 
ard sohUian  and  height  of  the  standard  solution,  the  nephelometric 
readings  will  give  at  once,  upon  calculation,  the  ratio  of  the  solu- 
tions, and  thus  no  fiu-ther  adjustment*  of  volumes  is  necessary. 

When  the  K  obtained  with  one  height  of  standard  solution  is 
compared  with  that  of  another  height,  it  is  foimd  that  K  is  pro- 
portional to  the  height  of  the  standard  solution,  the  equation  then 
becomes  for  any  heights  of  liquids  within  moderate  limits. 


8        8(1  —  Z)k 

y  = li — 


where  i  =  — 


One  has,  therefore,  the  choice  of  using  either  one  or  more  stand- 
ard curves  and  getting  the  ratios  directly  from  a  curve  (aa  in 
figure  2),  without  calculation,  or  taking  any  suitable  standard, 
adjusting  either  or  both  heights  of  liquids  until  the  amount  of 
light  is  matched,  and  obtaining  the  ratios  by  substitution  in  the 
nephelometric  formula  given  above.  A  more  convenient  form 
when  expressed  in  terms  of  y,  is 

=  g  +  «^'  +  ^  («  +  sky  -  Asky 


•  Of  course,  it  is  assumed  that  solutions  which  differ  from  a  standard 
solution  very  much  as  may  easily  be  observable  macroscopically,  will 
require,  as  in  colorimetric  work,  a  more  suitable  standard. 
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The  table  on  p.  492  gives  the  values  obtained  with  edestin  when 
5  cc.  of  a  0.01  per  cent  solution,  diluted  with  10  cc.  of  sodium  chlo- 
ride reagent,  was  used  as  a  standard. 

The  numerator  of  the  fraction  indicates  the  number  of  cubic 
centimeters  of  the  reagent  which  was  used  to  dilute  the  protein 
solution:  the  denominator  indicates  the  number  of  cubic  centi- 
meters of  0.01  per  cent  edestin  solution  used.  The  third  row  of 
figures  indicates  the  calculated  ratios.  The  figures  in  columns  are 
interlined  to  indicate  the  number  of  readings  per  solution.  The 
average  of  all  the  figures  of  a  column  is  given  at  the  foot  of  each 
column,  and  is  also  indicated  by  crosses  in  figure  2.  As  may  be  seen, 
down  to  the  ratio  0.50  they  follow  the  curve  quite  satisfactorily, 
but  beyond  this  ratio  they  deviate  slightly,  owing  to  a  factor  that 
is  produced  by  a  difference  in  the  height  of  the  liquids.  In  actual 
work  this  may  easily  be  eliminated  by  following  the  curve  of 
observed  readings,  or  by  choosing  a  more  comparable  standard. 
It  may  also  be  taken  into  account  in  calculating  the  ratios,  as  illus- 
trated in  the  following  paragraphs. 

This  factor  that  causes  the  nephelometric  readings  to  be  slightly  too  low, 
especially  when  the  ratios  are  below  0.500  and  when  the  per  cent  of  edestin 
of  any  of  the  solutions  is  below  0.0033  per  cent,  is  due  to  the  fact  that  even 
pure  water  will  produce  some  light  in  the  eyepiece.  This  arises,  no  doubt, 
from  imperfections  of  the  apparatus,  it  being  very  difficult  to  exclude  all 
stray  reflection  of  light.  The  equivalent  of  this  amount  of  light  is  esti- 
mated by  making  a  control  determination  on  pure  water,  using  a  0.0005 
per  cent  solution  of  edestin  as  a  standard.  Under  the  conditions  given  in 
this  paper,  28.0  nmi.  of  pure  water  matched  a  0.0005  per  cent  solution  of 
edestin  at  5.4,  4.7,  4.5,  4.8,  and  5.7  mm.  =  5.0  mm.  average.  Assimiing 
this  proportion  to  hold  for  all  heights  of  distilled  water,  we  find  that  23  mm. 
of  water  will  give  the  same  amount  of  light  as  5.0  mm.  of  0.0005  per  cent 
edestin  (excluding  the  amount  of  light  from  its  5  mm.  of  water;  thus  28.0 
-  5.0  =  23.0  nmi.)  and  therefore  1.0  nmi.  of  water  «  0.21  nmi.  of  0.0005 
per  cent  edestin.  Hence,  when  very  weak  solutions  are  determined,  care 
should  be  used  to  see  that  control  corrections  are  applied,  or  eliminated 
by  careful  standardization. 

In  order  to  test  the  general  applicability  of  the  nephelometric 
formula  given  above,  other  heights  of  solutions  and  ratios  than 
those  covered  in  the  curve  were  used  as  is  shown  in  the  table  below: 
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STANDARD  O/l  CONOBN-      "UNKNOWN"  OR  CON- 
TRATION  or  **«••  CBNTRATION  OF  *>" 
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0.01  per 
(l-3)NaCi        cent 
edeetln 


CO. 

10 


10 


10 


o 


25 


25 


0.' 
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0.01  per 
(1-3)  NaCl ,       cent 
i    edestln 


cc. 
5 


ec. 

25 


2.5 


cc. 

5 


t  THBO-   ,  povKD 

MM.  or!  MM.  OF  RCTXCAL        „ 

....      ^„o 


£> 

4- 


I 


15.1  I  26.9 
10.0  I  18.2 


14.8  I  25.9 
9.9  !  17.6 
8.0  '  14.0 


5 


25 


15 


;  15.1 
12.0 
17.0 

;  15.2 

15.2 


26.8 
21.8 
29.9 

27.5 
26.8 


Average 10.500  [0.562  i    0.491 


0.5001  0.562  0.489 

0.500[  0.54^,  0.47Z 

!  i 

0.500!  0.571  0.504 

0.500;  0.562^  0  493 

0.500  0.571  0.495 


0.500i  0.563  0  494 
0.500J  0.550  0.488 
O.SOoi  0.568    0.500 


0.500 
0.500 


0.554    0.472 
0.5681     0.4S9 


Ob- 
served 
V 


Cor- 
rected 


I 


45 


95 


5  1  28.9  I  13  0    32.3 
11.1  I    5  0     12.3 


5  1  22.1 

28.5 


I      I 


pure  H2O 


10  0     24.6 
13.0  !  31.7 

5.2  !  28.0 
4.8  ,  28.0 


0.300 
0.300 

0.300 
0.300 


0.450,  0.275 

0.451'  0.284 

I 

0.450|  0282 

0.456  0289 


Avernge 0  3000.452    0  282 

These  results  are  sufficient  to  show  that  by  the  use  of  ^^^"^^ 
the  formula  within  moderate  limits  or  curves  prepared  fror^  ^^^ 
or  four  sets  of  readings,  one  can  use  the  nephelometer  f^^  ^^ 
.  determination  of  suspended  protein  and  organic  substanc^^  ^7 
the  accuracy  and  with  the  ease  with  which  the  best  colori^^*"^ 
work  is  done. 
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Since  this  nephelometric  formula  seems  to  hold  for  a  protein  of 
high  molecular  weight,  it  was  of  interest  to  try  its  application  to 
argentic  chloride  suspensions.  In  order  to  avoid  the  corrections 
necessary  when  very  weak  solutions  are  compared,  as  indicated 
above  with  edestin,  relatively  strong  solutions  were  used. 


■TAirDARD 
ttgtt 

"unknown" 

.y. 

Mil.  OF 

MM.  or 

• 

THSO- 
RKTICAL 

X 

• 

X 

FOUND 

IF 

g 

•• 

+ 

i^^ 

H«0 

0.00572 

pereeDt 

Aca 

HsO 

0.00572 

percent 

A«C1 

m 

1 

H 

ee. 

ee. 
10 

ee. 

cc. 
10 

15.0 

15.0 
15.1 

« 

15.0 

• 

15.0 

1.00 

1.00 

1.00 

10 

10 

10 
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10 
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10 
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23  5  I  0.500 


0.638     0.509 


Philip  Adolph  Kober  497 

in  a  beaker  or  small  Erlenmeyer  flask.  Test  tubes  should  be 
avoided  as  it  is  difficult  to  shake  the  solution  properly,  without 
adding  a  stopper  or  introducing  minute  air-bubbles  into  the  solu- 
tion. An  Erlenmeyer  flask  or  beaker  shaken  in  a  rotatory  fashion 
gently  is  most  satisfactory. 

The  tub^  may  be  cleaned  and  dried  with  alcohol  and  ether,  or 
any  other  suitable  way  so  long  as  no  dust  or  lint  is  thereby  intro- 
duced. 

For  reading  the  instrument:  The  plunger,  being  painted  with 
asphaltimi  paint,  obviously  cannot  be  cleaned  and  dried  with 
alcohol  and  ether;  but  may  be  rinsed  with  some  of  the  liquid  to 
be  examined,  or  may  be  wiped  carefully  with  a  lint-free  cloth  or 
lens  paper.  To  use  the  instrument,  it  is  well  to  insure  proper 
workmg  conditions  by  putting  into  both  tubes  some  standard 
liquid  and  comparing  the  heights.  If  the  readings  are  consistent 
and  practically  equal  on  both  sides,  one  may  presume  the  light- 
ing arrangements  and  other  parts  are  in  proper  adjustment. 

The  following  suggestions  were  helpful  in  obtaining  good  results. 

1.  The  instrument  was  kept  in  a  separate  room,  where  all  the 
lights  could  be  extinguished  at  pleasure. 

2.  After  the  tubes  containing  the  suspensions  were  in  position, 
the  room  was  darkened  completely  for  a  few  minutes,  to  rest  the 
eyes.  Using  the  instrument  directly  after  coming  from  a  well- 
lighted  room  produced  inferior  results. 

3.  Both  eyes  were  kept  open  in  reading  the  instrument.  This 
was  easily  accomplished  with  the  shaded  eyepiece,  and  produced 
less  strain. 

4.  It  was  found  advisable  not  to  make  the  adjustments  too  rap- 
idly or  too  constantly  in  order  to  avoid  inaccuracies  due  to  eye- 
strain. The  final  adjustment  was  made  only  after  relaxing  the 
eyes  for  a  few  minutes.  The  eyes  were  used  alternately,  the  ap- 
proximate adjustment  was  made  with  one  eye  and  the  final  always 
with  the  otljer. 

5.  When  much  nephelometric  work  was  done  necessitating  going 
to  and  from  a  strongly  lighted  room,  often,  smoked  glasses  were 
found  restful  and  advantageous. 


THE  PREPARATION  AND  PROPERTIES  OF  A  COMPOUND 

PROTEIN;    GLOBIN  CASEINATE. 

By  T.  BRAILSFORD  ROBERTSON. 

{Prom  the  Rudolph  Spreckels  Physiological  LaborcLiory  of  the  University  of 

California.) 

(Received  for  publication,  December  2,  1912.) 

I  have  elsewhere  pointed  out^  that  the  mvestigations  of  Hardy* 
indicate  that  the  proteins  in  blood  sera  are  united  to  form  a  com- 
plex which,  we  may  imagine,  bears  a  somewhat  similar  relation  to 
the  individual  proteins  which  constitute  it  as  the  proteins  bear  to 
the  polypeptides  out  of  which  they  are  constructed,  and  I  have 
furthermore  suggested  that  the  biochemical  and  immunological 
specificity  which  is  displayed  by  animal  fluids  and  tissues  may 
possibly  be  attributable,  directly  or  indirectly,  to  the  existence  of 
these  complexes. 

The  only  compoimds  of  proteins  with  one  another  which  have 
so  far  been  isolated  and  studied  in  detail  are  those  which  the 
various  protamines  form  with  such  proteins  as  egg  albumin,  gelatin, 
hemi-elastin,  casein  and  edestin.*  These  compounds  are  formed  on 
bringing  the  two  proteins  together  in  weakly  alkaline  (ammoniacal) 
solution  (Kossel).  Gay  and  Robertson  have  pointed  out,  however, 
that  it  is  necessary  to  have  present  an  excess  of  the  protamine 
component,  otherwise  the  compound  does  not  readily  flocculate."* 
Hunter  describes  clupeine  caseinate,  which  may  serve  as  a  type  of 
these  compoimds,  as  being  insoluble  in  cold  and  very  slightly  soluble 
in  hot  water,  somewhat  soluble  in  dilute  acids  and  readily  precipi- 

*  T.  Brailsford  Robertson:  Univ.  of  Calif.  Publ.  Physiol. ,  iv,  p.  25,  1911; 
Die  physikalische  Chemie  der  Proteine,  Dresden,  1912,  p.  126. 

*  W.  B.  Hardy:  Journ.  of  Physiol.,  xxxiii,  p.  251  (Appendix),  1905. 

*  A.  Kossel:  Deutsch.  med.  Wochenschr.,  vii,  1904,  cited  after  A.  Hunter: 
Zeitschr.f.  physiol.  Chem.,  liii,  p.  527, 1907. 

*F.  P.  Gay  and  T.  Brailsford  Robertson:  Journ.  of  Exp.  Med.,  xvi,  p. 
479.  1912. 
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or  of  alkali.  Rough  estimations  led  to  the  impression  that,  given 
a  favorable  alkalinity,*  the  proportion  of  globin  to  casein  should 
be  about  2  to  1  in  order  to  secure  a  maximum  jdeld  of  the  precipi- 
tate. 

Globin  (1.6  grams  per  100  cc.  of  solvent)  dissolves  extremely 
slowly  in  ^s  or  -^  KOH  solution,  while  it  readily  and  completely 
dissolves  in  /i  KOH  and  the  concentration  of  KOH  may  then  be 
reduced  to  zz  by  the  addition  of  HCl,  while  stirring,  without  caus- 
ing any  permanent  precipitate  to  appear.^®  On  the  other  hand,  if 
two  and  a  half  volumes  of  a  1.6  per  cent  solution  of  globin  in  iJ 
KOH  be  added  to  one  volume  of  a  2  per  cent  solution  of  casein  in 
0.016  N  KOH  (neutral  to  phenolphthalein),  no  precipitate  is 
obtained  because  the  excess  of  alkali  dissolves  the  globin  case- 
inate,  while,  if  two  and  a  half  volumes  of  a  1.6  per  cent  solution  of 
globin  in  ^js  KOH  be  added  to  a  similar  solution  of  casein,  a  copi- 
ous precipitate  results.  Accordingly,  in  preparing  the  compound 
it  is  advisable  to  dissolve  the  globin  in  a  slight  excess  of  alkali, 
and  neutralize  a  portion  of  this  alkali  before  mixing  the  solution 
with  the  solution  of  casein. 

Three  hundred  and  fifty  cc.  of  -^  KOH  were  diluted  to  1200  cc. 
and  20  grams  of  globin  were  dissolved  therein.  When  solution 
was  complete  (one  to  two  hours)  160  cc.  of  ^  HCl  were  added  to 
the  mixture  while  stirring.  A  clear  brown  solution  was  thus 
obtained. 

Ten  grams  of  casein  were  dissolved  in  600  cc.  of  0.016  n  KOH. 
These  two  solutions  were  then  mixed,  the  mixture  diluted  to  7 
liters  by  the  addition  of  distilled  #ater,  thoroughly  shaken,  and 
then  allowed  to  settle  in  tall  glass  cylinders  over  night.  The  super- 
natant fluid  was  then  decanted  from  the  heavy  brownish  coagulum- 
Uke  precipitate,  which  became  more  granular  in  the  subsequent 
washings.  The  decanted  fluid  was  very  opaque  and  obviously 
contained  much  finely  suspended  protein  material. 

The  precipitate  was  washed  by  decantation  in  40  liters  of  dis- 
tilled water  in  six  successive  washings.  The  final  washings  were 
perfectly  clear.     It  was  then  washed  in  10  liters  of  absolute  alcohol 

•  A  slight  excess  of  alkali  readily  redissolves  the  precipitate. 
*•  Analogous  phenomena  are  displayed  by  casein  and  other  proteins. 
Cf .  T.  Brailsford  Robertson :  Die  physikalische  Chemie  der  Proteine,  Dres- 
den, 1912,  p.  70. 
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had  been  added,  when  a  very  opaque  light-colored  solution  was 
obtained.  To  43  cc.  of  a  1.25  per  cent  solution  of  globin  (Prepara- 
tion II,  cf .  above)  -y  acetic  acid  was  similarly  added,  a  permanent 
precipitate  had  already  appeared  after  the  addition  of  16  cc.  of  the 
acid  solution,  and  25  cc.  sufficed  to  completely  redissolve  it.  I 
continued  adding  -7  acetic  acid  imtil  65  cc.  had  been  added.  A 
clear  brown  solution  was  obtained. 

It  is  clear,  therefore,  that  by  the  union  with  casein  the  basic 
qualities  of  globin  have  been  decreased  and  its  acid  function  en- 
hanced. Globin  caseinate  is  held  in  solution  by  a  smaller  excess 
of  alkaJi  than  that  required  to  hold  the  same  amoimt  of  globin 
in  solution,  while  a  greater  excess  of  acid  is  required  to  carry  globin 
caseinate  into  solution  than  to  carry  globin  into  solution.  On  the 
other  hand,  the  acid  qualities  of  casein  have  been  diminished  and 
its  basic  function  enhanced  by  the  union  with  globin,  for  no  excess 
of  dilute  (y  or  more  dilute)  acetic  acid  solution  will  carry  any 
casein  into  solution;  a  stronger  acid,  such  as  a  mineral  add,  is 
required.  It  is  evident  that  in  these  respects  the  properties  of 
globin  caseinate  are  intermediate  between  those  of  globin  and  those 
of  casein. 

The  solution  of  globin  caseinate  in  dilute  acetic  acid  does  not 
deposit  any  precipitate  even  on  standing  at  55**C.  for  twenty-four 
hours.  It  does,  however,  yield  a  precipitate  on  boiling  for  two 
or  three  minutes,  and  this  precipitate  does  not  redissolve  on  cool- 
ing; it  is  not  a  coagulum  of  heat-denatured  protein,  for  it  is  soluble 
m  dilute  alkali.  It  is  probably,  therefore,  casein,  and  we  may 
conclude  that  globin  caseinate  is  decomposed  into  its  components 
by  boiling  in  dilute  acid  solution. 

To  70  cc.  of  each  of  the  above  solutions  of  globin  caseinate  and  of 
globin,  respectively,  in  dilute  acetic  acid  were  added  5  cc.  of  a  1 
per  cent  solution  of  Grtibler's  pepsin  puriss.  sice,  and  the  mixtures 
were  placed  in  an  incubator  at  37**C.  After  two  hours  a  very 
slight  flocculent  precipitate  had  appeared  in  the  globin  solution 
and  a  dense  granular  precipitate  in  the  globin  caseinate  solution 
which  left  the  supernatant  fluid  clear.  After  twenty-four  hoiu^, 
the  dense  precipitate  in  the  globin  caseinate  digest  had  completely 
redissolved  and  in  each  mixture  there  remained  only  the  slight 
flocculent  precipitate  first  noted  in  the  globin  digest.  The  dense 
precipitate  in  the  globin  caseinate  digest  cannot  have  been  para- 
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nuclein  resulting  from  partial  hydrolysis  of  casein,  for  paranuddn, 
once  precipitated  in  peptic  digests,  does  not  redissolve  as  digestion 
proceeds.^'  Hence  we  may  conclude  that  in  all  probability  H 
was  casein,  and  that  the  first  stage  in  the  action  of  pepsin  upon 
globin  caseinate  is  to  decompose  it  into  its  components — ^obm 
and  casein — which  subsequently  undergo  hydrolysis  separately. 

The  globin  caseinate  digest,  after  twenty-four  hours'  digestion, 
contained  no  casein  either  combined  or  uncombined  with  globin, 
as  it  yielded  no  precipitate  on  boiling. 

The  following  table  of  comparative  precipitation  reactions  dis- 
plays certain  respects  in  which  the  behavior  of  globin  caseinate 
resembles  or  differs  from  that  of  casein  or  of  globin.  The  solutions 
employed  were  all  2  per  cent  solutions  in  -^  KOH.  A  +  indicates 
precipitation  (or  coagulation)  and  a  0  indicates  no  precipitation  or 
coagulation: 


mCAOBNT 


Dilute  acetic  acid  (cold) 

Dilute  acetic  acid  (boiling) 

Half  saturated  AmtSOi 

Four  volumes  of  absolute  alcohol 

Trichloracetic  acid 

5  per  cent  NaCl 

Half  saturated  XajSO* 

Saturated  XaCl 


OLOBIN 

GLOBIN 
CASEtNATK 

CABELH 

0 

0 

+ 

0 

+ 

-f 

+ 

+ 

1                  + 

0 

0 

1           0 

+ 

+ 

1       + 

0 

0 

0 

0 

0 

0 

+ 

-h 

0 
'(+  on  heat- 
ing in  the 
'    presence 
'    of  excess 
of  the  salt) 

\  pn^parod  2  per  cent  and  1  per  cent  solutions  of  globin  caseinate 
in  A  KOH  and  determined  the  refractivities  of  these  solutions  and 
i\i  A  KOH  at  16®  in  a  Pulfrich  refractometer,  reading  to  within 
r  K\(  tho  angle  of  total  reflection.  A  sodium  flame  was  the  source 
of  light »  The  following  were  the  results  obtained.  The  values 
hiMuUnl  <i  are  calculated  from  the  formula  n  —  rii  =  a  X  c,  where 


*»  I  uhrtvin:  Hoppc-Seyler's  Mrd.-Chfm,  UnUrsuch.,  Berlin,  1866,  p.  463; 
V  Kvi-^iol  Ti  rhartfil.  d,  Bfrl,  physiol.  G<stUsch,;  Arch.f.  {Anal.  «.)  Physiol,, 
lMM,p  |Sl;   IVHraiUfordRobertiion:  this  Journal/m,  p.95,  1907. 
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n  IS  the  refractive  index  of  the  solution,  ni  that  of  the  solvent  and 
c  is  the  percentage  of  protein  in  the  solution. 


BOLCTZOir 

n  "■  BBrBAcnvB  xndbx 

OF  SOLUTION  AT  16"  C. 

a 

4iK0H 

1.33552 
1.33711 
1.33879 

1  per  cent  globin  caseinate 

2  per  cent  globin  caseinate 

0.00150  *  0.00008 
0.00164  *  0.00004 

A  duplicate  set  of  detenninations  yielded  identical  results. 

In  order  to  assign  to  each  observation  its  due  weight  in  deter- 
mining the  average  value  of  a  for  each  of  these  preparations,  it  is 
necessary  to  add  together  the  observed  values  of  n  —  ni  for  the 
two  solutions  and  divide  this  sum  by  the  sum  of  the  concentrations 
employed  (=3).    Proceeding  in  this  way  "  we  obtain: 

a  =  0.00162  *  0.00005. 

Now  the  value  of  a  (=  change  in  refractive  index  of  solvent 
due  to  1  percent  of  protein)  for  casein  is  0.00152,^  while  the  value 
of  a  for  globin  is  0.00169.^'  Hence  if  the  refractivity  per  gram  per 
100  cc.  of  solution  of  globin  caseinate  were  the  algebraic  sum  of  the 
separate  refractivities  of  its  components,  since,  as  we  have  seen, 
globin  caseinate  contains  34.5  per  cent  of  casein,  the  value  of  a 
for  globin  caseinate  should  be: 

34.5  X  0.00152  -h  65.5  X  0.00169      ^  ^.^^ 

-^' =  U.UUlOo 

100 

which  is  identical,  within  the  experimental  error,  with  the  value 
experimentally  ascertained. 

I  have  elsewhere  shown^^  that  the  refractivity  of  the  mixed 
(or  combined)  proteins  of  blood  sera  is  equal  to  the  sum  of  the 
refractivities  of  the  separate  constituent  proteins,  and,  as  I  have 
stated,  there  is  much  reason  to  believe  that  these  proteins  are 
bound  together  to  form  a  compound  protein  complex.    We  may 

"  T.  Brailsford  Robertson :  Die  physikcUische  Chemie  der  Proteine,  Dres- 
den, 1912,  Chapter  13. 
"T.  Brailsford  Robertson:  Journ.  of  Physical  Chem.,  xiii,  p.  469,  1909. 
"T.  Brailsford  Robertson:  this  Journaly  xiii,  p.  462,  1913. 
"T.  Brailsford  Robertson:  this  Journal^  ix,  p.  179,  1912. 
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ON  NUCLEASES. 

THIRD  PAPER. 

By  p.  a.  LEVENE  and  F.  B.  La  FORGE. 

{From  the  Laboratories  of  the  Rockefeller  Institute  for  Medical  Research, 

New  York.) 

(Received  for  publication,  December  4,  1912.) 

It  was  demonstrated  through  the  work  of  Levene  and  Jacobs^ 
that,  compared  with.pmine  ribosides,  the  pyrimidine  ribosides 
possessed  a  much  higher  resistance  towards  the  hydrolytic  action 
of  mineral  acids,  and  on  the  basis  of  this  property  a  method  was 
devised  for  the  isolation  of  pyrimidine  bodies.  It  was  later  shown 
by  Levene  and  Medigreceanu*  that  a  similar  diflference  existed  be- 
tween the  two  classes  of  ribosides  in  regard  to  their  behavior 
towards  certain  enzymes.  Thus  it  was  found  that  nucleosidases, 
which  hydrolyzed  the  purine  derivatives,  remained  without  ac- 
tion on  the  pyrimidine  bodies.  In  a  previous  work  by*  the 
present  writers  the  fact  was  brought  to  light  that  the  diflference  in 
the  behavior  of  the  two  classes  of  substances  towards  dilute  min- 
eral acids  can  be  removed  by  the  reduction  of  the  pyrimidine  base 
in  the  pentoside  to  the  corresponding  dihydropyrimidine.  Thus, 
while  imdine  was  resistant  to  boiling  with  dilute  aqueous  mineral 
acids,  dihydro-uridine  behaved  under  these  conditions  similarly  to 
inosine,  or  adenosine,  or  to  any  other  glucoside. 

NH-CO-NH 
H     H     H  I  I 

CHa  (OH)C-C-C-CH-C  =  CH-CO 
I    OH    OH      j 

' 0 ^ 

Uridine, 
non-hydrolyzable  by  dilute  acids. 

*  Levene  and  Jacobs:  Ber.  d.  deutsch,  chetn,  Gesellsch.,  xliii,  p.  3150,  1910. 

*  Levene  and  Medigreceanu :  this  Journal,  ix,  p.  65,  1911;  ix,  p.  389,  1911. 
'  Levene  and  La  Forge:  Ber.  d.  deutsch,  chem.  Gesellsch.,  xlv,  p.  608,  1912. 
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Original  rotation,  [aU  =  —0.50° 
After  24  hours,       [«]»  -  -0.50* 

(b)  4,0  cc.  of  a  cold  saturated  aqueous  solution  of  adenosine 
were  diluted  with  0,5  cc.  of  a  10  per  cent  phosphate  mixture  and 
0.5  cc.  of  the  enzyme  solution.  ^ 

Initial  rotation,     [a]©  =  —0.45° 
After  24  hours,       [«]»  =  -0.20** 

(c)  1.0  CC.  of  Henderson's  phosphate  solution  +  2  cc.  of  en- 
zyme solution  and  7  cc.  of  water. 

Initial  rotation,      la]o  =  +0.05° 
After  24  hours,       [«]»  =  +0.05° 

The  dihydro-uridine  solution  gave  very  slight  reduction  on  pro- 
longed boiling  with  Fehling's  solution.  An  increase  in  the  reduc- 
ing power  at  the  end  of  the  experiment  could  not  be  noticed.  The 
adenosine  solution  showed  no  reduction  at  the  beginning  of  the  ex- 
periment and  a  marked  reduction  at  the  end. 

The  enzyme  solution  had  no  reducing  power. 

Experiment  2.  (a)  To  5  cc.  of  a  25  per  cent  solution  of  dihydro- 
uridine  was  added  0.5  cc.  of  the  enzyme  solution. 

Initial  rotation,  an  =  -3.82  (=fc0.02) 
After 48  hours,    «„=  -3.88  (±0.02) 

(b)  Enzyme  solution  did  not  possess  any  appreciable  optical 
activity. 

(c)  About  1.0  gram  of  adenosine  was  suspended  in  20.0  cc.  of 
1  per  cent  phosphate  mixture  and  2.0  cc.  of  enzyme  solution, 
since  a  part  remained  insoluble  it  was  not  possible  to  measure  the 
optical  rotation  of  the  substance.  The  action  of  the  enzyme  solu- 
tion on  adenosine  was  ascertained  by  the  reducing  power  of  the 
solution  on  Fehling's  solution. 

The  dihydro-uridine  showed  no  change  in  reducing  power  be- 
fore and  after  enzyme  action. 

Adenosine  solution  possessed  no  reducing  power  on  Fehling's 
solution  at  the  Ijeginning  of  the  experiment  and  a  very  marked 
reduction  after  forty-eight  hours. 

The  enzyme  solution  showed  no  reducing  power  either  at  the 
beginning  or  at  the  end  of  the  experiment. 
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n.  THE  LIPINS  OF  THE  OVARY  AND  CORPUS  LUTEUM  OF  THE 
PREGNANT  AND  NON-PREGNANT  COW.^ 

By  JACOB  ROSENBLOOM. 

(From  the  Laboratory  of  Biochemistry  of  the  University  of  Pittsburgh, 

Pittsburgh,  Pa*) 

(Received  for  publication,  December  4,  1912.), 

Introduction.  The  biochemistry  of  the  female  genitalia  is  a 
subject  of  which  practically  nothing  is  known.  This  paper  con- 
tains the  data  of  a  study  of  the  lipins  of  the  ovary  and  of  the 
corpus  luteum  of  the  cow  in  pregnant  and  non-pregnant  condi- 
tions. 

Methods,  The  desiccation  of  the  material,  extraction  of  the 
lipins  and  the  chemical  analyses  were  carried  out  according  to 
the  methods  described  in  a  former  paper*  with  the  addition  that 
the  cholesterol  and  cholesterol  esters  were  determined  by  the 
excellent  method  of  Windaus. 

The  table  on  the  following  page  contains  the  results  obtained 
in  this  investigation. 

Condusions,  1.  Data  are  presented  showing  the  percentages  of 
lipins,  phospho-lipins,  neutral  fat,  fatty  acids  and  cholesterol  in  the 
ovary  and  corpus  luteum  of  the  cow  in  the  non-pregnant  state  and 
in  the  pregnant  state. 

2.  The  results  indicate  that  there  is  practically  no  increase  in 
the  above  mentioned  substances  during  pregnancy  in  the  cow. 


*  A  preliminary  account  of  the  investigation  was  published  in  Science^ 
xxxiv,  p.  222,  1911;  Biochem.  Bull.,  i,  p.  115,  1911. 

'  Most  of  the  analytic  data  presented  in  this  paper  were  obtained  while 
working  in  the  Laboratory  of  Biological  Chemistry  of  Columbia  University 
at  the  College  of  Physicians  and  Surgeons. 

'Hanes  and  Rosenbloom:  Journ.  of  Exp.  Med.,  xiii,  p.  355,  1911. 
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THE  FATE  OF  PROLINE  IN  THE  ANIMAL  BODY. 

By  H.  D.  DAKIN. 

(From  the  Herter  Laboratory ,  New  York.) 

(Received  for  publication,  December  9,  1912.) 

Since  nothing  appeared  to  be  known  as  to  the  fate  of  proline 
in  the  animal  body,  it  seemed  desirable  to  make  some  experiments 
in  the  hope  thitt  some  light  might  be  thrown  upon  the  changes 
which  this  amino-acid  may  undergo. 

As  a  first  step  in  the  investigation,  observations  were  made  on 
the  behavior  of  proline  when  added  to  blood  used  for  perfusing  a 
surviving  dog's  liver,  using  essentially  the  method  which  has  been 
so  successfully  applied  by  Embden,  and  secondly,  an  examination 
was  made  of  the  influence  of  proline  on  the  glycosuria  and  acidosis 
of  dogs  under  the  influence  of  phlorhizin. 

Proline,  when  added  to  blood  used  for  perfusing  a  surviving 
dog's  liver,  leads  to  no  increase  in  the  normal  formation  of  aceto- 
acetic  acid,  nor  is  the  acetoacetic  acid  excretion  of  glycosuric  ani- 
mals markedly  increased  by  the  administration  of  proline.  It  is 
clear,  therefore,  that  proline  is  not  to  be  classed  with  phenylala- 
nine, tyrosine  or  leucine  in  having  acetoacetic  acid  for  a  common 
catabolic  path. 

On  the  other  hand,  administrations  of  proline  to  the  glycosuric 
animal  was  found  to  result  in  a  marked  increase  in  sugar  output, 
so  that  it  would  appear  that  proline  should  be  grouped  with  glu- 
tamic and  aspartic  acids,  alanine  and  glycine,  all  of  which  have 
been  shown  by  Lusk,^  Ringer  and  others  to  be  capable  of  furnish- 
ing glucose. 

The  formation  of  glucose  from  proline  must  necessarily  involve 
disruption  of  the  ring  and  it  is  of  interest  to  recall  the  similarity 
in  structure  of  the  amino-acids,  proline,  glutamic  acid  and  omi- 

*  Zeitschr.f.  physiol,  Chem.,  Ixvi,  p.  106,  1910. 
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Experiments  with  diabetic  animals. 

m 

The  customary  experimental  conditions  carefully  worked  out  by 
Lusk,  in  which  a  starving  dog,  rendered  as  free  from  glycogen  as 
possible,  is  made  fully  diabetic  by  the  administration  every  eight 
hours  of  phlorhizin  dissolved  in  sodium  carbonate,  were  not 
chosen  for  the  following  experiments.  The  reason  for  this  is  that 
a  markedly  increased  acetoacetic  acid  excretion  is  apt  to  follow 
immediately  the  administration  of  the  alkaline  phlorhizin  solu- 
tion. This  acetoacetic  acid  excretion  may  almost  completely  dis- 
appear after  a  couple  of  hours  and  then  reappear  on  a  subsequent 
injection  of  the  alkaline  solution.  This  tends  to  make  the  aceto- 
acetic acid  output  irregular. 

More  suitable  experimental  conditions  seemed  to  be  offered  by 
the  method  of  phlorhizin  administration  described  by  Coolen'  to 
which  my  attention  was  drawn  by  Professor  Lusk.  It  is  found 
that  if  a  single  gram  of  finely  powdered  phlorhizin  suspended  in 
7-8  cc.  of  olive  oil  be  injected  aseptically  under  the  skin  of  a  dog, 
a  glycosuria  of  remarkable  intensity  and  duration  is  produced. 
In  the  starving  animal  a  Dextrose:  Nitrogen  ratio  of  approxi- 
mately 3  is  quickly  estabUshed  and  remains  substantially  constant 
for  several  days. 

A  convenient  method  of  experimenting  appears  to  be  as  follows: 
A  dog  is  given  a  gram  of  phlorhizin  in  oUve  oil  and  starved  for 
forty-eight  hoiUB.  A  second  gram  of  phlorhizin  is  then  given  and 
a  trial  determination  of  the  D  :  N  ratio  is  subsequently  made. 
A  third  gram  of  phlorhizin  is  then  given  on  the  following  day  and 
the  urine  for  the  "fore-period*'  is  then  collected  by  catheter, 
washing  the  bladder  out  with  warm  2  per  cent  boric  acid  solution. 
It  is  essential  that  the  D  :  N  ratio  of  this  urine  should  not  vary 
greatly  from  the  preUminary  trial,  as  it  is  useless  to  proceed  with 
the  administration  of  the  amino-acid  until  a  constant  ratio  has 
been  established.  The  proline  in  each  case  was  administered  by 
subcutaneous  injection  of  a  concentrated  aqueous  solution. 

The  acetoacetic  acid  and  acetone  estimations  were  made  by  the 
customary  iodine  method.  Glucose  was  determined  by  the  gravi- 
metric Fehling  method  and  the  results  confirmed  by  polarimetric 
observation. 

'  Arch,  de  phamuicodynamie,  i,  p.  267,  1895. 


SEASONAL  VARIATION  IN  THE  IODINE  CONTENT 

OF  THE  THYROID  GLAND.^ 

BY  ATHERTON  SEIDELL  and  FREDERIC  FENCER. 

(From  the  Hygienic  Laboraiory,  U.  S.  Public  Health  ServicCy  Wcishingtont 

D.  C.y  and  the  Research  Laboratory  in  OrganotherapeuticSf 

Armour  and  Company t  Chicago ^  III.) 

(Received  for  publication,  December  10,  1912.) 

The  numerous  results  which  have  so  far  been  published  upon 
the  iodine  content  of  the  thjnroid  gland  indicate  a  very  consider- 
able individual  variation  among  animals  even  of  the  same  species. 
It  would  therefore  be  expected  that  a  seasonal  variation  in  the 
iodine  content  could  not  readily  be  detected  by  analyzing  com- 
posite samples  of  glands  from  a  limited  number  of  animals  col- 
lected at  various  seasons  of  the  year.  In  fact  experiments  along 
this  line  made  by  one  of  us'  using  thyroids  from  dogs  and  from 
sheep  confirmed  this  conclusion.  More  recent  determinations 
given  in  a  paper  by  N.  H.  Martin*  have  shown  that  composite 
samples  of  thjnroids  collected  throughout  the  year  from  sheep 
slaughtered  at  Newcastle-on-Tyne,  England,  varied  comparatively 
little  in  their  content  of  iodine.  A  striking  feature  of  the  results 
however  was  the  uniformly  small  size  of  the  glands  and  the  rela- 
tively high  percentage  of  iodine. 

^  The  results  described  in  this  paper  are  the  outcome  of  an  effort  which 
was  inaugurated  by  Dr.  Reid  Hunt  of  the  Hygienic  Laboratory  to  fix  a 
standard  for  thyroid  used  in  medicine.  This  need  has  been  recognized  by 
the  Committee  of  Revision  of  the  Pharmacopoeia  and  so  far  a  tentative 
description  of  this  product  and  a  proposed  iodine  content  of  0.2  per  cent 
has  been  adopted.  In  gathering  data  for  this  proposed  pharmacopoeial 
description  several  manufacturers  generoxisly  supplied  samples  and  infor- 
mation regarding  the  preparation  of  their  products.  Additional  points 
arose  and  it  appeared  desirable  to  obtain  further  data  upon  the  thyroid, 
particularly  of  animals  other  than  sheep.  Towards  this  end,  therefore, 
cooperation  between  Armour  and  Company  and  the  Hygienic  Laboratory 
was  secured  and  the  results  presented  in  the  following  pages  were  obtained. 

*  Seidell:  this  Journal ^  x,  p.  95,  1911. 

'  Brit,  and  Colonial  Druggist,  Ixii,  p.  99,  1912. 
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Hygienic  Laboratory  in  Washington.  The  determinations  of  the 
iodine  were  made  by  the  one  of  us  in  Chicago  from  time  to  time 
as  the  samples  were  collected  and  independently  by  the  other  in 
Washington  after  all  of  the  samples  had  been  received.  The 
Hunter*  method  was  used  for  both  sets  of  determinations  and  the 
results  which  were  obtained  in  each  case  were  not  commimicated 
to  the  other  party  imtil  both  sets  of  determinations  had  been 

TABLE  I. 

Sheep  thyroids.    Showing  the  percentage  of  iodine  and  moisture  in  dried  thyroid 
glands  of  the  sheep  collected  at  bi-weekly  periods  durirlg  one  year. 


SAMPLE  MO.  AXD  MID-DATB 
OF  m  BI-WBBKLT  COL- 

PER  CENT  OP  IODINE  A8 
DETBRIflNBD  BT: 

PBBCBMT 

If  OIBTUBE  LOST 

AT  OT.6* 

PBBCBNT 
IODINE  CALCU- 

LKCnON  PEBIOD 

Seidell 

Fenger 

LATKD  TO  DBz 
BABIB 

1911 

1  September  1 

2  September  16 

3  October  1 

0.133 
0.148 
0.178 
0.181 
0.211 
0.235 
0.219 
0.176 
0.196 

0.166 
0.112 
0.123 
0.160 
0.044 
0.104 
0.092 
0.062 
0.083 
0.065 
0.038 
0.130 
0.249 
0.294 
0.188 
0.185 
0.235 

0.14 
0.16 
0.22 
0.19 
0.24 
0.26 
0.25 
0.19 
0.20 

0.17 
0.12 
0.12 
0.14 
0.04 
0.11 
0.10 
0.06 
0.08 
0.07 
0.04 
0.13 
0.24 
0.30 
0.19 
0.19 
0.23 

3.37 

4.29 
2.50 
2.20 
3.53 
8.34 
7.85 
6.98 
6.70 

8.33 

9.13 

8.53 

1.67 

7.84 

3.30 

0.87 

8.78 

1.05 

9.23 

8.86 

9.58 

10.54 

12.34 

14.75 

11.27 

10.43 

0.138 
0.155 

0.183 

4    October  14 

0.185 

5    October  28 

0.219 

6  November  11 

7  November  25 

8  December  10 

9  December  24 

1912 
10    January  7 

0.257 
0.238 
0.189 
0.210 

0.181 

11  January  21..  • 

12  February  4 

13  February  18 

14  March  3 

0.123 
0.134 
0.163 
0.048 

15    March  17 

0.108 

16    March  31 

0.093 

17    April  14 

0.068 

18    April  28 

0.089 

19    May  12 

0.072 

20    May  26 

0.042 

21    June  9 

0.144 

22    June  23 

0.278 

23    July  7 

0.335 

24    July  21 

0.221 

25    August  4 

0.209 

26    Aueust  18 

0.262 

♦  A.  Hunter:  this  Journal j  vii,  pp.  321-349,  1910. 
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TABLE  m. 

Hag  thyroids.    Showing  the  percentage  of  iodine  and  moisture  in  dried  thyroid 
glands  of  the  hog  collected  at  bi-weekly  periods  during  one  year. 


SAMPLE  NO.  AKD  MID-DATE 
OP  ITS  BI-WBXKIiT  COL- 

PEB CENT  OP  IODINE  AS 
DBTEBMINBD  BT: 

PBBCBNT 

MOISTURE  LOST 

AT  »7^" 

PBBCBNT 
IODINE  CALCU- 

LECTION  PERIOD 

SeldeU 

Fenger 

LATBD  TO  DBT 
BASIS 

1911 

1  September  1 

2  September  16 

3  October  1 

0.528 
0.434 
0.416 
0.411 
0.381 
0.273 
0.318 
0.305 
0.337 

0.275 
0.165 
0.173 
0.219 
0.147 
0.125 
0.188 
0.232 
0.255 
0.244 
0.285 
0.294 
0.344 
0.341 
0.301 
0.398 

0.56 
0.46 
0.45 
0.44 
0.41 
0.30 
0.34 
0.33 
0.34 

0.29 
0.19 
0.18 
0.21 
0.16 
0.12 
0.20 
0.23 
0.26 
0.25 
0.28 
0.31 
0.35 
0.34 
0.31 
0.39 
0.41 

0.55 

1.20 
0.50 
3.83 
0.90 
11.34 
7.74 
6.99 
7.00 

7.70 

8.40 

8.95 

2.23 

8.15 

3.76 

1.07 

8.46  . 

1.37 

8.78 
10.82 
10.28 
11.92 
11.49 
10.21 
13.97 
11.01 

0.531 

0.440 
0.418 

4    October  14 

0.428 

5    October  28 

0.385 

6  November  11 

7  November  25 

8  December  10 

9  December  24 

191S 

10  January  7 

11  January  21 

12  February  4 

13  February  18 

14  March  3 

0.308 
0.344 
0.328 
0.362 

0.298 
0.180 
0.190 
0.224 
0.160 

15   March  17 

0.133 

16   March  31 

*0.190 

17    April  14 

0.254 

18    April  28 

0.259 

19   May  12 

0.268 

20   May  26 

0.320 

21    June  9 

0.328 

22    June  23 

0.391 

23    July? 

0.385 

24    July21 

0.335 

25   Aueust  4 

0.463 

26    AuKust  18 

0.381 

0.428 

Before  discussing  the  results  of  the  iodine  determinations  in  the 
samples,  the  following  data  upon  the  weight  and  size  of  the  glands 
at  the  various  seasons  should  be  given.  At  the  beginning  of  the 
experiment  there  were  no  particular  reasons  for  suspecting  a  sea- 
sonal variation  in  the  size  of  the  gland,  consequently  the  weights 
and  number  of  glands  in  the  several  lots  prepared  for  the  iodine 
determinations  were  not  taken.  The  averages  here  shown  are 
therefore  based  upon  figures  obtained  from  time  to  time  by  coimt- 
ing  out  and  weighing  certain  numbers  of  glands.  These  results 
are  as  follows: 
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ATKmAOB  WnOHT  OT  GKAMa  FSK  fltVOLB 
mTBOD  OLAiro  OOLLBCISD  Of 

Summw  and  Fall            |           Wtntar  and  SprlBK 

Sheep 

5.5 

25.0 

9.0 

8.5 

Beef : 

60.0 

Hog 

9.0 

By  comparison  of  the  above  results  for  sheep  and  beef  glands 
with  the  diagram  showing  the  seasonal  variation  in  iodine  con- 
tent it  will  be  seen  that  for  the  portion  of  the  year  during  which 
the  iodine  content  is  lowest,  namely,  December  to  May,  the  siie 
of  the  gland  is  greatest.  It  therefore  follows  that  this  seasonal 
change  in  iodine  content  and  size  of  the  glands  accords  with  the 
frequently  made  observation  that  in  general  an  inverse  proportion 
exists  between  the  size  of  the  glands  iand  the  iodine  content. 

An  examination  of  the  results  as  recorded  in  the  accompanying 
tables  and  diagram  shows  that,  although  fluctuations  from  a  regu- 
lar trend  of  seasonal  change  occur,  these  are  small  in  comparison 
with  the  total  differences  in  iodine  content  between  the  high  and 
low  season.  Furthermore,  the  results  show  that  the  seasonal  vari- 
ation nearly  coincides  in  the  three  species  of  animals  studied. 
The  average  iodine  content  for  the  months  of  Jime  to  Novwnber 
is  in  general  about  three  times  that  for  the  months  of  December 
to  May.  The  maximum  and  minimum  date  for  each  of  the  three 
animals  can  not  be  selected  with  certainty,  but  in  so  far  as  can 
be  judged  from  the  diagram  the  high  point  for  the  hog  comes 
first,  that  is  early  in  September,  for  the  beef  it  is  early  in  October 
and  for  the  sheep  early  in  November.  The  fluctuations  from  the 
regularity  of  the  curves  are  no  doubt  due  largely  to  the  individual 
variations  in  sex,  age,  diet,  etc.,  among  the  animals,  the  thyroid 
glands  of  which  form  the  composite  sample  in  each  case. 

In  a  study  of  this  kind  it  is  manifestly  impossible  to  follow  the 
change  in  iodine  content  which  takes  place  from  month  to  month 
in  the  thyroid  of  an  individual  animal.  The  best  that  can  be 
done  is  to  use  large  numbers  of  animals  and  ascertain  the  average 
iodine  content  at  a  particular  period  of  the  year.  This,  however, 
involves  averaging  the  very  wide  individual  variations  which  are 
known  to  occur.  Hence  to  overcome  the  effect  of  the  individual 
variations  it  is  necessary  to  use  very  large  munbers  of  animals. 
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znately  97.5®C.  for  fifteen  hours.  It  was  shown  by  separate  experi- 
ments that  even  less  than  this  length  of  time  was  sufficient  to 
dry  thyroid  samples  to  constant  weight.  The  loss  in  weight  hav- 
ing been  ascertained  and  calculated  as  moisture,  the  crucibles 
were  placed,  in  groups  of  10  each,  in  a  small  muffle  furnace  pre- 
viously heated  to  redness.  The  complete  incineration  of  the 
organic  matter  required  about  one  half  an  hour. 

In  regard  to  the  variations  in  the  percentage  of  moisture  as 
shown  in  the  tables,  it  should  be  mentioned  that  during  the  prep- 
aration of  the  samples  it  became  necessary  to  store  quite  a  few 
of  the  sets  in  covered  tin  pails  after  extracting  the  fat  and  before 
powdering.  This  coarse  and  very  porous  material  evidently 
reabsorbed  moisture  while  standing  in  the  pails  and  retained  it 
during  the  grinding. 

The  individual  ash  determinations  are  not  reported  herewith  since  it 
was  found  that  silicious  material  worn  from  the  inner  surface  of  the  ball 
mill  was  present  in  the  inorganic  residues  obtained.  The  proportion  of  ash 
varied  with  the  time  of  grinding  necessary  to  reduce  the  samples  to  powder 
of  the  requisite  fineness.  Analyses  of  it  indicated  the  presence  of  more 
than  30  per  cent  of  silica.  The  results  therefore  do  not  show  the  true  ash 
content  of  the  several  thyroids  but  only  the  inorganic  content  of  material 
prepared  under  particular  conditions.  In  the  case  of  the  samples  prepared 
between  May  15  and  July  15,  it  was  necessary  to  discontinue  the  6-hour  day 
periods  of  grinding,  and  run  the  mill  during  the  night  for  15-<hour  periods. 
These  samples  are  therefore  averaged  separately  and  as  compared  with 
the  averages  obtained  upon  samples  ground  in  a  Wedgewood  mortar, 
and  in  a  ball  mill  for  six  hours,  show  strikingly  the  effect  of  the  longer 
period  of  grinding. 

Percentage  of  ash. 


Sheep  thyroids 
Beef  thyroids . . 
Hog  thyroids.. 


AVERAaB  or  8 

SAMPLES  OBOUND 

IN  WBDGEWOOD 

IfOBTAB 


percent 

3.11 
3.32 

2.69 


AVBBAGB  OP  13 
SAMPLES  QBOUKD 

IN  POBCELAIN 

BALL  MILL  POB  6 

HOUB8 


ATEBAOB  OP  6 
SAMPLES  OBOUND 

IN  POBCELAIN 

BALL  MILL  POB  15 

HOUB8  OB  LONOBB 


percent 

5.47 
5.86 
4.66 


percent 
12.82 

8.40 
6.58 
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RESEARCHES   ON  PURINES. 

ON  2,8.DIOXY.l,^DIMETHYLPURINE  AND  2.0XY.6,9-DIMETHYL. 

PURINE. 

(eighth  paper.  0 

By  carl  O.  JOHNS. 
(From  the  Sheffield  Laboratory  of  Yale  Univeraity.) 

(Received  for  publication,  December  18, 1912.) 

Two  of  the  nine  possible  isomerides  of  2,8-dioxy-dimethylpur- 
ine  have  been  described,  namely,  2,8-dioxy-3,7-diinethylpurine,* 
which  was  obtained  by  Fischer,  and  2,8-dioxy-6,9-dimethylpur- 
ine.*  The  latter  of  these  compounds,  although  isomeric  with 
theobromine  (VI),  is  not  exactly  analogous  since  one  of  the  methyl 
groups  is  attached  to  carbon  while  in  theobromine  both  of  the 
methyl  groups  are  attached  to  nitrogen.  In  2,8-dioxy-l,9-di- 
methylpurine  (IV)  both  of  the  methyl  groups  are  attached  to 
nitrogen,  hence  one  might  expect  it  to  exhibit  properties  compar- 
able with  those  of  theobromine.  Theobromine  is  a  strong  diuretic. 
Professor  Mendel  has  tested  the  action  of  2,8-dioxy-l,9-dimethyl- 
purine  on  rabbits  but  found  that  it  did  not  produce  notable  diur- 
esis.^ 

2,8-Dioxy-l,9-dimethylpurine  was  synthesized  as  follows:  The 
potassium  salt  of  2-oxy-5-nitro-6-methylaminopyrimidine*  (I) 
was  heated  with  methyl  iodide  and  gave  2-oxy-3-methyl-5-nitro- 
6-methylaminopyrimidine  (II)  the  constitution  of  which  was 
shown  by  heating  the  methylated  product  with  sulphuric  acid 

» This  Journal,  xii,  p.  91,  1912. 

•Emil  Fischer:  Ber.  d.  deutsch,  chem,  Oesellsch,,  xxviii,  p.  2487,  1805; 
XXX,  p.  1851,  1807;  xxxii,  p.  474,  1890. 

'Johns:  this  Journal,  xi,  p.  307,  1012. 

*  Reported  at  the  fourth  annual  meeting  of  the  American  Society  for 
Pharmacology  and  Experimental  Therapeutics,  Cleveland,  Dec.  30,  1012. 

'  Johns:  this  Journal,  ix,  p.  164,  1011. 
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N=CXH»  N=CNH,  N=CCH3 

II  II  11 

OC     CNOi         >        OC     CNHi     >  OC     C— NH 


\dch. 


HN — C-CHa  HN — CCH3  HN — C— N 

vn  vin  IX 

SXFERDCENTAL  PABT. 

I       I 
OC      CXOj 

I   II 

CH»  N— CH 

Rve  grams  erf  finely  pulverbed  2-oxy-5-nitro-6-methylamino- 
pyrimidine*  were  dissc^ed  in  40  cc.  of  water  containing  1.9  grams 
of  potassimn  hydroxide^  and  5  grams  of  methyl  iodide  were  then 
added.  This  mixture  was  heated  at  100^ C.  in  a  sealed  tube  for 
one  hour.  Thfa  treatmoit  produced  an  almost  colorless  solu- 
tion from  idiich  a  bulky  mass  of  hair-like  crystals  separated  on 
cooling.  A  second  crop  was  obtained  by  concentrating  the  mother 
liquor.  A  trace  of  free  iodine  was  removed  by  making  the  solu- 
tion alkaline  with  sodium  hydroxide.  The  crystals  thus  obtained 
were  readQy  soluble  in  hot  and  moderately  soluble  in  cold  water. 
They  were  easily  soluble  in  cold  chloroform,  moderately  soluble 
in  hot  alcohol  and  sli^tly  soluble  in  boiling  benaene.  They 
melted  to  a  colorless  oil  at  203**  C.  The  yield  was  about  50  per 
cent  of  theory. 

Oftkulated  for 
G»H/)tN«:  Foand: 

N 30.43  30.12 

All  of  the  nitropyrimidine  used  in  the  above  experiment  had 
reacted  as  none  of  it  was  recovered  unaltered.  An  exceedingly 
soluble  by-product  was  formed.  This  contained  iodine  that  was 
not  removed  by  treatment  with  alkalies.  An  investigation  of  this 
by-product  was  deferred  until  more  material  can  be  obtained. 

•  Johns:  this  Journal^  ix,  p.  164,  1911. 
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filtered  by  suction.  The  filtrate  was  evaporated  to  a  syrup  which 
hardened  on  cooling.  The  substance  thus  obtained  was  exceed- 
ingly soluble  in  water  or  alcohol  but  did  not  dissolve  in  benzene 
or  ether.  On  account  of  the  difficulties  encountered  in  attempt- 
ing to  purify  this  base  it  was  used  in  the  crude  state  for  the  prepa- 
ration of  2,8-dioxy-l,9-dimethylpurine. 

A  picrate  of  2-oxy-3-methyl-5-amino-6-methylaminopyrimid- 
ine  was  made  by  mixing  a  rather  concentrated  solution  of  the 
crude  base  with  a  saturated  aqueous  solution  of  picric  acid.  The 
picmte  separated  slowly  in  the  form  of  prisms  that  were  about 
five  times  as  long  as  they  were  thick.  They  were  very  soluble 
in  hot  water.    They  melted  with  decomposition  at  about  200**  C. 

Oalculated  for 
G»HttON«  •  CiHs(NOt)aOH:  Found: 

N '25.61  26.00 

BfS'Diozy-l  fi^imeihylpuriney 

CHjN— CH 

I      II 
DC     C— NH 


> 


O 
N=C— N  CHs 

The  crude  2-oxy-3-methyl-5-amino-6-methylaminopyrimidine 
which  was  obtained  in  the  preceding  experiment  was  mixed  with 
an  equal  weight  of  urea  and  the  mixture  was  heated  for  an  hour 
at  180®  C.  in  an  oil  bath.  The  residue  was  taken  up  in  hot  dilute 
ammonia  and  the  solution  was  decolorized  by  means  of  blood  coal. 
On  boiling  off  most  of  the  ammonia  and  acidif3ring  with  acetic 
acid  the  purine  crystallized  rapidly  in  the  form  of  small  plates. 
A  second  crop  was  obtained  by  concentrating  the  mother  liquor 
to  a  small  volume.  The  3deld  of  pure  material  was  about  50  per 
cent  of  theory  when  calculated  on  the  basis  of  the  nitropyrimidine 
used.  The  purine  dissolved  in  less  than  40  parts  of  boiling  water 
and  crystallized  in  small  irregular  plates  that  did  not  melt  or 
char  at  320**  C.  It  dissolved  readily  in  ammonia  and  was  precip- 
itated by  acetic  acid.  It  was  slightly  soluble  in  boiling  alcohol 
but  almost  insoluble  in  boiling  benzene.  It  did  not  give  a  mur- 
exide  reaction. 
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Five  grams  of  2-oxy-4-methyl-5,6-cliaininopyrimidine  were  sus- 
pended in  25  cc.  of  acetic  anhydride  and  the  mixture  was  heated 
in  an  evaporating  dish  on  a  steam  bath.  Complete  solution  did 
not  occur  as  the  crystals  of  the  acetyl  compound  separated  rapidly. 
The  mixture  was  evaporated  to  dryness  and  the  last  traces  of 
acetic  anhydride  were  removed  by  adding  a  little  alcohol  and  evap- 
orating again  and  finally  heating  at  120°  C.  The  yield  agreed 
with  that  calculated  for  a  diacetyl  derivative.  This  substance 
was  readily  soluble  in  hot  water  and  when  the  solution  was  cooled 
slowly  a  murture  of  needles  and  rectangular  prisms  separated. 
The  diacetyl  compound  was  converted  to  a  purine  as  follows: 

Five  grams  of  the  acetylated  2-oxy-4-methyl-5,6-diaminopyr- 
imidine  were  dissolved  in  50  cc.  of  water  containing  2.5  grams  of 
potassium  hydroxide  and  the  solution  was  evaporated  to  dryness. 
The  resulting  potassiiun  salt  was  then  heated  in  an  oil  bath  at 
220^-240°  C.  imtil  water  was  no  longer  evolved.  The  reaction 
product,  which  was  apparently  a  potassimn  salt,  was  dissolved 
in  hot  water,  the  solution  was  filtered  to  remove  a  slight  turbidity 
and  was  afterwards  acidified  with  acetic  acid.  A  crystalline  pre- 
cipitate formed  rapidly.  This  was  purified  by  dissolving  it  in 
dilute  ammonia,  clarifying  with  blood  coal,  boiling  off  excess  of 
ammonia  and  precipitating  with  acetic  acid.  The  crystals  were 
small  prisms  with  square  ends.  They  did  not  melt  at  315**  C. 
although  they  turned  brown  slowly  at  that  temperature.  They 
were  difficultly  soluble  in  hot  water,  very  slightly  soluble  in  hot 
alcohol  and  insoluble  in  boiling  benzene.  They  gave  a  murexide 
reaction.  The  yield  of  this  purine  was  70  per  cent,  calculated 
from  the  weight  of  2-oxy-4-methyl-5,6-diaminop3Timidine. 

0.2009  gram  of  substance  gave  0.3758  gram  of  CO2  and  0.0880  gram  of 
H,0. 

C^ouUted  for 

OrHgONi:  Found: 

C 51.21  51.02 

H 4.87  4.86 

N 34.14  34.26 


THE  CREATINE  CONTENT  OF  MUSCLE  XJNDER  NORMAL 

CONDITIONS.    ITS  RELATION  TO  THE 

URINARY  CREATININE.^ 

By  victor  C.  MYERS  and  MORRIS  S.  FINE. 

{From  the  Laboratory  of  Pathological  Chemistry f  New  York  Poat-Oraduate 

Medical  School  and  Hospital.) 

(Received  for  publication,  December  18, 1912.) 

Although  much  attention  has  been  devoted  to  urinary  creatin- 
me  smce  the  introduction  of  Folin's  simple  colorimetric  method 
for  its  estimation  in  1904,  relatively  little  consideration  has  been 
given  to  the  supposedly  related  muscle  creatine.  It  is  reasonable 
to  believe  that  a  knowledge  of  the  creatine  content  of  muscle, 
under  normal  and  likewise  abnormal  conditions,  may  greatly  aid 
in  elucidating  the  various  phases  of  creatine-creatinine  metabo- 
lism. Attention  has  recently  been  called  to  some  of  these  points 
by  Mendel  and  Rose*  who  have  cited  the  more  important  researches 
upon  muscle  creatine,  van  Hoogenhuyze  and  Verploegh*  were 
the  first  workers  to  employ  the  colorimetric  method  for  the  esti- 
mation of  creatine  in  muscle,  but  to  Mellanby*  is  due  the  credit  of 
first  giving  the  subject  any  considerable  attention.  In  addition, 
a  few  analyses  have  been  reported  by  Domer,*  Emmett  and 
Grindley,*  Saiki,'  Graham-Brown  and  Cathcart,*  von  Ftirth  and 

*  A  preliminary  report  of  this  work  was  presented  to  the  Society  for 
Experimental  Biology  and  Medicine,  October  16,  1912;  see  Proceedings  ^ 
X,  p.  10,  1912. 

*  Mendel  and  Rose:  this  Journal^  x,  p.  255,  1911. 

*  van  Hoogenhuyze  and  Verploegh:  Zeiischr,  f.  physiol.  Chem.,  xivi,  p. 
433,1905. 

*  Mellanby:  Journ.  of  Physiol,  j  xxxvi,  p.  447, 1908. 
'Domer:  Zeitschr,  f.  physiol.  Chem.,  lii,  p.  259,  1907. 
•Emmett  and  Grindley:  this  Journal j  iii,  p.  499,  1907. 

•'  Saiki:  ibid.,  iv,  p.  487,  1908. 

*  Graham-Brown  and  Cathcart:  Biochem.  Journ.,  iv,  p.  423,  1909. 
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In  the  instances  in  which  these  figures  were  given  in  terms  of 
creatinine,  they  have  been  converted  to  creatine.  With  the 
exception  of  the  results  of  Graham-Brown  and  Cathcart,  the 
results  are  comparatively  uniform.  In  their  experiments,  it 
should  perhaps  be  noted  that  the  figures  were  obtained  with  com- 
paratively small  samples  of  muscle  (taken  from  one  leg  previous 
to  the  stimulation  of  the  muscle  on  the  opposite  side). 

Chisolm's  results  for  the  creatine  content  of  the  moist  muscle 
of  six  healthy  adults  are  as  follows:  0.257,  0.290,  0.271,  0.280, 
0.251  and  0.268  per  cent,  an  average  of  0.270. 

Below  is  further  appended  the  g'eatine  content  of  muscle  in  a 
variety  of  animals  as  determined  by  various  investigators  with 
the  colorimetric  method,  though  in  single  experiments  in  many 
instances. 


Reported  figures  (averages)  for  muscle  creatine  in  man  and  various  animals. 


ANIMAL 


Rabbit. 


Pig 


Ox 


Sheep . . . 


Horse. .. 


CBCATIKE 
IN  MUBCLE 

per  cent 

0.51 
0.51 
0.44 


0.50 
0.45 


0.38 
0.44 


0.44 

0.38 
0.41 


0  38 


OBSERVER' 


Dorner 

Mellanby 

Graham- 
Brown  and 
Cathcart 

Mendel  and 
Rose 

van     Hoogen- 
huyze  and 
Verploegh 

Mellanby 

van  Hoogen- 
huyze  and 
Verploegh 

Emmett  and 
Grindley 

Mellanby 

van     Hoogen- 
huyze  and 
Verploegh 

van  Hoogen- 
huyze  and 
Verploegh 


AXIMAL 


Horse 


Dog. 


Man 

Guinea 

pig. . 

Rat.... 


■{ 
■{ 


Hen 


Frog 

Cod 

Lamphrey 

Skate 

Bonito 

Tunny 

fish 

Salmon. . . 
Snapper... 

Carp 

Shark 


CREATINE 
IN  MUSCLE 

OBSERVER* 

percent 

0.35 

von  Flirth  and 

Schwarz 

0.34 

von  Ftirth  and 

Schwarz 

0.27 

Chisolm 

0.37 
0.35 
0.36 
0.41 

Mellanby 
Mellanby 
Mellanby 
Mendel    and 

Rose 

0.30 
0.35 
0.29 
0.28 
0.65 

Mellanby 
Mellanby 
Mellanby 
Mellanby 
Okuda 

0.50 

Okuda 

0.56 

Okuda 

0.75 

Okuda 

0.42 

Okuda 

0.66 

Okuda 

•  References  previously  cited. 
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in  a  volumetric  flask."  The  carcass  extracts  were  diluted  to  1000 
ec.  and  the  muscle  extracts  usually  to  250  cc.  The  extracts  were 
then  placed  in  perfectly  clean  and  dry  bottles  and  preserved  with 
toluene. 

Ten  cubic  centimeter  samples  of  these  extracts  were  taken  in 
triplicates,  treated  with  an  equal  amount  of  normal  hydrochloric 
acid  and  the  creatine  converted  to  creatinine  by  the  method  sug- 
gested ty  one  of  us  in  collaboration  with  Benedict."  The  hydrol- 
3rsis  was  carried  out  at  20  pounds  pressure  for  twenty  minutes. 
The  method  of  extraction  which  we  have  employed  yields  an 
extract  which  is  only  slightly  yellow,"  the  color  not  being  apprec- 
iably altered  by  this  method  of  hydrolysis  which  appears  partic- 
ularly suitable  in  this  connection.  The  creatinine  thus  formed 
was  then  estimated  by  the  method  of  Folin  in  the  usual  way, 
except  that  ten  minutes  were  allowed  for  the  development  of  the 
color  reaction. 

The  rabbits  in  which  the  content  of  body  creatine  was  com- 
pared with  the  daily  creatinine  excretion  were  placed  upon  a 
uniform  carrot  diet  for  several  preliminary  days  and  then  twenty- 
four  hour  urines  collected  daily  for  a  period  varying  from  five 

^'  If  an  appreciable  amount  of  coagulum  was  present,  the  solution  was 
again  filtered. 

"  Benedict  and  Myers:  Amer.  Joxjfjm.  of  Physiol. y  xviii,  p.  395,  1907. 

**  Various  tests  which  we  have  made  have  given  us  considerable  confidence 
in  the  procedures  employed  for  the  estimation  of  creatine.  The  method 
of  extraction  used  by  Mellanby  {Joum,  of  Physiol.,  xxxvi,  p.  453,  1908)  of 
evaporating  the  various  aqueous  extracts  to  dr3me88  on  the  water  bath  and 
then  taking  up  in  75  per  cent  alcohol  to  remove  the  creatine  and  creatinine, 
the  alcohol  subsequently  being  evaporated  and  an  aqueous  extract  again 
prepared,  appears  to  us  to  serve  no  useful  purpose.  In  evaporating  the 
extracts  to  dryness  by  this  procedure,  pigments  are  formed,  though  they 
probably  do  not  interfere  with  the  final  estimation.  Furthermore,  the 
needless  extraction  with  alcohol  opens  the  way  to  possible  error  on  account 
of  the  relatively  low  solubility  of  creatine  in  alcohol.  Our  extracts  have 
been  practically  free  from  protein,  though  the  presence  of  small  amounts 
of  protein  does  not  interfere  with  the  ultimate  colorimetric  readings. 
There  is  no  reason  to  believe  that  the  colorimetric  method  is  not  as  acctu*- 
ate  for  the  estimation  of  the  creatine  of  muscle  extracts  (as  creatinine)  as 
the  original  method  for  the  estimation  of  creatinine  (and  creatine)  in 
urine.  In  fact,  from  some  points  of  view  it  may  be  regarded  as  more  accur- 
ate. 
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This  series  includes  the  animals  made  the  subjects  of  our  creatine- 
creatinine  metabolism  study  and,  in  addition,  a  number  of  mis- 
cellaneous normal  rabbits  from  which  only  muscle  samples  were 
obtained.  In  the  first  half  dozen  determinations,  the  colorimet- 
ric  readings  were  first  recorded  without  calculating  our  results. 
When  this  was  done,  we  were  surprised  at  the  unusually  uniform 
results.  Our  subsequent  experiments  entirely  confirmed  this.  In 
fact,  in  going  back  over 'our  notes  of  the  various  observations, 
incidents  had  been  recorded  which  would  possibly  accoimt  for 
the  slightly  lower  values  in  two  cases.  In  animal  9,  a  correction 
of  5  mgms.  had  to  be  added  for  creatine  found  in  the  seventh 
extract,  while  an  extract  of  the  coagulated  protein  contained  12 
mgms.,  indicating  incomplete  extraction.  With  animal  32,  note 
was  made  that  considerable*  difficulty  was  experienced  in  obtain- 
ing a  good  coagulation  of  the  protein,  though  this  fact  was  not 
recalled  at  the  time  the  colorimetric  estimation  was  made.  Ani- 
mal 12  was  foimd  to  have  a  subcutaneous  abscess.  Even  if  we 
include  these  results,  the  creatine  content  of  fresh  rabbit  muscle 
is  found  to  be  very  definite  and,  as  will  appear  below,  character- 
istic of  the  animal. 

In  animal  10,  the  creatine  contents  of  the  left  and  right  hind 
legs  were  found  to  be  practically  identical.  In  animal  25,  the 
creatine  content  of  the  muscle  of  the  right  leg  was  found  to  be  0.522 
per  cent;  that  of  the  muscle  of  the  back,  adjacent  to  the  verte- 
bral column,  0.527  per  cent.  After  allowing  the  left  leg  to  remain 
at  room  temperature  (very  warm,  July  20)  for  twenty-four  hours, 
a  creatine  estimation  of  the  muscle  showed  0.482  per  cent. 

Creatine  content  of  dog  mtiscle. 

In  Table  II  are  recorded  five  experiments  on  the  creatine  con- 
tent of  dog  muscle.  These  figures  are  likewise  very  uniform, 
but  considerably  lower  than  in  the  case  of  rabbit  muscle. 
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plain  these  variations.    The  weight  does  not  appear  to  influence 
the  content  of  creatine  in  the  adult. 


Influence  of  growth  upon  the  creatine  content  of  cat  muscle. 

In  Table  IV,  figures  are  recorded  for  the  muscle  creatine  of  kit- 
tens from  the  same  litter,  but  at  different  ages.  These  figures  are 
in  accord  with  the  observations  of  Mellanby*^  on  rabbits  and 
chickens  of  various  ages. 

TABLE  rv. 

Effect  of  growth  on  the  creatine  content  of  cat  muscle. 


AIOMAL  NUMBER 

WBIQHT  or  AKIUAL 

AOE 

CREATINE  IN  FRE8R 
MU8CLE 

grama 

weeks 

ptrcent 

4 

245 

2 

0.224 

6 

300 

3 

0.285 

7 

386 

5 

0.309 

8 

464 

6 

0.341 

10 

670 

7 

0.467 

Creatine  content  of  human  muscle. 

In  two  instances  we  have  been  able  to  obtain  satisfactory  sam- 
ples of  human  muscle  at  autopsy  with  the  following  results. 

The  objection  may  be  raised  that  the  figures  given  for  the  muscle 
creatine  of  different  animals  are  not  comparable,  because  of  the  pos- 
sibility of  differences  in  composition,  such  as  content  of  moisture 
or  rather  of  solid  matter.    Estimation  of  moisture  in  supposedly 

TABLE  v. 
Creatine  content  of  human  muscle. 


SEX 

CAUSE  OP  DEATH                   ' 

SOUBCE  OP       1 

MUSCLE 

• 

CREATINE 

IN  PRESH 

MUSCLE 

per  cent 

MOISTURE 
OP  MUSCLE 

percent 

NITROGEN 
OP  MUSCLE 

percent 

F 

Peritonitis 

Abdominal 

0  396 

76.4 

3.67 

M 

Amputation     for     sar- 

• 

coma  of  the  leg 

Leg 

0.391 

76.3 

3.44 

'*  Loc.  rit.,  p.  473. 
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normal  samples  of  muscle  has  been  made  in  only  a  few  instances, 
because  the  figures  were  always  foimd  to  be  very  uniform,  not 
only  for  the  same  animal,  but  for  animals  of  different  species. 
The  following  figures  for  moisture,  in  addition  to  those  for  the 
human  muscle  above,  may  be  cited:  Dog  1,  75.5  per  cent;  Cat 
5,  74.8  per  cent;  Cat  11,  75.8  per  cent;  Rabbit  12,  75.6  per  cent; 
Rabbit  25,  74.5  per  cent;  Rabbit  35,  75.0  per  cent. 

Creatinine  coefficient  and  muscle  creatine. 

It  is  a  curious  fact  that  the  creatinine  coefficient  (milligrams 
of  creatinine  nitrogen  eliminated  per  kilogram  of  body  weight) 
of  the  rabbit  is  fully  one-third  higher  than  that  found  in  man  and 
the  various  experimental  animals,  dog,  pig/*  cow^'^  and  guinea 
pig.^*  In  fgrty  rabbits  in  which  we  have  had  occasion  to  accu- 
rately determine  the  creatinine-nitrogen  coefficient,  it  has  been 
found  to  average  14.3.  When  the  creatinine  coefficients  of  the 
rabbit,  dog  and  man  are  compared  with  the  percentage  content 
of  muscle  creatine  in  the  same  species,  as  shown  in  Table  VI,  an 
interesting  and,  as  we  believe,  more  than  an  accidental  relation- 
ship is  revealed.  If  creatinine  has  its  origin  in  muscle  creatine, 
or  some  common  precursor  substance,  we  would  naturally  ejcpect 
from  the  creatinine  coefficient  of  the  rabbit  to  find  that  the  muscle 
of  this  animal  had  a  relatively  high  percentage  content  of  creatine. 

Although  our  figures  given  in  Table  VI  for  human  muscle  only 
represent  two  observations  and  are  considerably  higher  than  those 
given  by  Chisolm,  we  are  not  inclined  to  accept  the  figures  of 
Chisolm  as  the  normal,  for  even  in  children  and  in  certain  patho- 
logical conditions,^*  we  have  failed  to  obtain  results  as  low  as  those 

"  Figures  calculated  from  data  of  McCoiium:  Amer.  Joum.  of  Phyiioi^ 
xxix,  p.  210, 1911. 

"  Figures  calculated  from  data  reported  by  Hart,  McCoUum,  Steeabock 
and  Humphrey:  The  University  of  Wisconsin  Agricultural  Experiment 
Station,  Research  Bulletin  17,  June  1911. 

"  Myers  and  Fine:  Unpublished  data. 

*•  In  a  baby  3  months  old,  weighing  3.2  kgms.,  and  dying  from  cerebro- 
spinal meningitis,  muscle  from  the  back  and  groin  contained  0.321  per  cent 
creatine.  Muscle  taken  from  the  thigh  in  a  case  of  marked  edema  in  a 
man,  gave  0.311  per  cent  of  creatine  and  80.5  per  cent  moisture.  Muscle 
taken  from  the  abdominal  wall  in  a  woman  dying  from  general  peritonitis, 
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Relation  between  muscle  creatine  and  creatinine  coefficient. 
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AjmtAL 

IfUMBBK  OF  BXPBBI- 

IISNTB 

coNTSNT  or 

CRBATINB 
IN  MUaCLS 

percent 

NUMBSB  OF  BXPBBI- 
MBNTS 

CBBATBNXNB 
COBFPICIBia 

Rabbit. . . . 

20    normal    ani- 

40   normal 

ani- 

mals 

052 

mals 

14  3 

Man 

2  experiments 

0.39 

3     normal 
about  27 
of  age 

men 
years 

9.0 

Dog 

5     normal     am- 

3    normal 

ani- 

mala 

0.37 

mals 

8.4 

reported  by  this  author  for  supposedly  normal  muscle.  We  hope 
to  further  extend  our  studies  on  hiunan  muscle.  According  to 
Shaffer*^  the  normal  creatinine  coefficient  in  man  falls  between 
7  and  11.  In  three  normal  well-developed  men  about  twenty- 
seven  years  of  age,  figures  of  8.8,  9.0  and  9.2  respectively  were 
obtained.*' 

The  average  of  the  figures  which  we  have  tabulated  above  for 
the  creatine  content  of  dog  muscle  probably  represents  the  correct 
value,  judging  from  the  uniformity  of  the  results  upon  which 
this  figure  was  based.  The  creatinine  coefficient  in  the  dog  shows 
some  little  variation,  though  the  figure  tabulated  above  proba- 
bly approximates  the  average  result.  Shaffer^  states  in  this 
connection,  ''The  kreatinin  coefficients  of  normal  dogs  are  practi- 
ciilly  the  same  as  those  given  above  for  man.  Wolf  and  Oster- 
berg  found  an  average  of  8.2  for  one  dog  and  7.0  for  another. 
Results  of  my  own  from  four  dogs  lie  between  the  above 
figures." 


contained  0.322  per  cent  creatine  and  had  a  moisture  content  of  80.2  per 
cent.  The  differences  in  the  moisture  content  of  the  muscle  in  the  last 
two  instances,  as  compared  with  the  figures  tabulated  above,  practically 
accounts  for  the  difference  in  the  creatine  results,  i.e.,  by  reducing  these 
last  results  to  the  tabulated  water  content,  figures  of  about  0.384  are  ob- 
tained. 

"  Shaffer:  Amer,  Journ.  of  Physiol.,  xxiii,  p.  1, 1908. 

"  Figures  calculated  from  experiments  on  W.  W.  H.,  V.  C.  M.  and  J.  F. 
L.  reported  by  Mendel  and  Myers:  ibid.f  xxvi,  p.  77,  1910,  and  Mendel  and 
Hiiditch:  ibid.,  xxvii,  p.  1, 1910. 

"  Loc.  dt.,  p.  5. 
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The  slight  difference  in  the  creatine  content  of  dog  muscle  and 
human  muscle,  and  in  the  creatinine  coefficients  of  the  same  qwe- 
ies  (this  statement  could  probably  be  made  with  regard  to  tiie 
pig,  ox  and  gumea  pig)  is  very  mteresting  when  compared  wi& 
the  imiformly  greater  values  for  the  muscle  creatine  and  the 
creatinine  coefficient  in  the  rabbit.  The  rabbit  appears  to  be  a 
unique  animal  in  this  respect.  The  comparatively  high  creatimne 
coefficient  and  high  muscle  creatine  of  the  rabbit  is  very  suggestive 
of  the  origin  of  creatinine  from  creatine. 

With  the  view  of  ascertaining  further  data  bearing  on  this  point, 
experiments  were  planned  in  an  endeavor  to  detenmne  whether 
in  a  given  animal,  such  as  the  rabbit,  there  was  a  constant  rela- 
tionship between  the  total  creatine  of  the  body  and  the  daily 
creatinine.  This  ratio  was  ascertained  in  a  series  of  one  growing 
and  eleven  adult  rabbits.    The  protocols  follow. 

Rabbit  1^  a  gray-brown  male  animal,  was  placed  imder  obeervation  on 
January  4, 1911 ,  after  a  preliminary  carrot  diet  period.  The  creatinine  elim- 
ination was  determined  on  five  successive  days  as  19.6, 19.8,  19.4,  20.0  and 
20.8  mgms.  creatinine  N,  an  average  of  19.9  mgms.,  giving  a  coefficient 
of  13.4.  Creatine  was  absent  from  the  urine.  On  the  morning  of  Janutf; 
11,  the  animal  weighed  1.48  kgms.,  previous  to  eating  and  at  10  a.m.  was 
killed  by  bleeding  after  ether  anesthesia.  The  total  skinned  and  eviscer- 
ated carcass  plus  heart  weighed  804  grams.  The  viscera  minus  heart 
weighed  392  grams.  The  carcass  contained  2.633  grams  creatine  and  tbe 
viscera,  0.082  gram. 

Rabbit  S,  a  brown-gray  male  rabbit,  after  the  usual  preliminary  uniform 
carrot  diet,  was  placed  imder  observation  on  January  4,  and  the  creatinine 
elimination  determined  on  seven  successive  days  to  be  23.5,  22.6,  20.3,  27.0, 
21.5,  23.5  and  21.2  mgms.  creatinine  N,  an  average  of  22.8  mgms.  This  fig- 
ure gave  a  coefficient  of  14.7  calculated  from  its  body  weight  of  1.55  kgms., 
a  weight  which  the  animal  maintained  throughout  the  experiment.  The 
rabbit  eliminated  no  creatine.  When  killed  on  January  15,  the  skinned 
and  eviscerated  carcass  plus  the  heart  weighed  830  grams  and  contained 
3.013  grams  creatine.  The  viscera  minus  the  heart  weighed  460  grams  and 
contained  0.069  gram  creatine. 

Rabbit  S,  a  female  albino  rabbit,  after  the  customary  preliminary  diet 
was  placed  under  study  on  January  9.  The  seven  daily  creatinine  nitro- 
gens were  24.7,  22.6,  23.4,  22.3,  19.9,  21.2  and  22.3  mgms.,  with  an  average 
of  22.3,  giving  a  creatinine  coefficient  of  15.0  with  the  body  weight  of  1.^ 
kgms.  obtained  on  the  morning  of  January  18,  without  food,  previous  to 
being  killed.  No  creatine  was  eliminated  in  the  urine.  The  skinned  and 
eviscerated  carcass  plus  heart  weighed  878  grams  and  contained  3 
grams  of  creatine. 
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Rabbit  4,  ft  female  albino,  was  placed  under  observation  in  the  usual 
way  on  January  9.  The  creatinine  N  elimination  for  five  days  was  24.1, 
23.5,  24.7,  23.1  and  22.3  mgms.,  an  average  of  23.6  mgms.,  giving  a  creatinine 
co^cient  of  13.4  with  the  body  weight  of  1.77  kgms.  The  urine  contained 
DO  creatine.  The  animal  was  killed  on  January  23.  The  skinned  and 
eviscerated  carcass  pliis  the  heart  weighed  940  grams  and  contained  3.096 
grams  of  creatine. 

Rabbit  6f  a  black  male,  was  studied  in  the  usual  way  from  February  1- 
6.  The  creatinine  N  elimination  per  day  for  five  days  was  20.1,  18.4,  19.4, 
20.5  and  19.8  mgms.,  an  average  of  19.6  mgms.  The  body  weight  was  1.39 
kgms.,  giving  a  coefficient  of  14.1.  The  animal  eliminated  no  creatine.  The 
skinned  and  eviscerated  carcass  plus  the  heart  weighed  790  grams  and  con- 
tained 2.814  grams  creatine. 

Rabbit  6,  a  female  albino  of  2.12  kgms.  weight,  eliminated  from  January 
M4,  daily,  32.2,  29.1,  29.1,  27.0  and  28.7  mgms.  creatinine  N,  averaging 
29.2  mgms.  The  creatinine  coefficient  was  13.7 ;  no  creatinine  was  eliminated. 
The  animal  was  killed  on  January  29,  the  skinned  and  eviscerated  carcass 
plus  the  heart  weighing  1172  grams.    It  contained  3.535  grams  creatine. 

Rabbit  7,  was  a  growing  female  albino,  which  showed  a  gain  in  weight 
from  0.59  to  0.69  kgm.  during  two  weeks  of  observation,  after  beginning 
the  experiment  on  February  24.  The  daily  creatinine  N  elimination  for 
11  days  was  6.9,  7.0,  6.5,  7.1,  7.3,  7.3,  7.1,  7.1,  8.0,  7.2  and  7.2,  averaging  7.2 
mgms.,  and  giving  a  coefficient  of  10.4  with  the  body  weight  of  0.69  kgms. 
There  was  a  daily  elimination  of  between  1  and  2  mgms.  of  creatine  N." 
The  weight  of  the  skinned,  eviscerated  carcass  employed  for  analysis  was 
280  grams  and  this  contained  0.947  gram  of  creatine. 

Rabbit  9,  a  light-brown  female  adult  animal,  weighing  2.05  kgms,  elim- 
inated daily  the  following  amounts  of  creatinine  N:  30.1,  30.6,  31.7,  29.1, 
25.1,  25.1,  27.8,  25.1,  28.7,  27.6,  28.7,  27.0,  27.4,  27.4,  28.7,  28.7,  28.7,  29.3, 
29.1  and  29.6  mgms.,  an  average  of  28.3  mgms.,  giving  a  coefficient  of  13.8. 
Traces  of  creatine  were  detected  in  the  urine  on  several  days.  The  animal 
was  killed  on  March  4  and  the  skinned  and  eviscerated  carcass  plus  heart 
weighed  1140  grams  and  contained  3.385  grams  of  creatine. 

Rabbit  10 f  a  dark-gray  female,  weighing  2.13  kgms.,  eliminated  daily 
32.8,  32.9,  32.4,  34.5,  39.2,  32.4,  31.9  and  32.1  mgms.  of  creatinine  N,  averagr 
ing  32.3  mgms.  This  gave  a  coefficient  of  15.2.  The  urine  contained  no 
creatine.  The  animal  was  killed  on  February  21  and  the  skinned  and 
eviscerated  carcass  plus  the  heart  weighed  1185  grams  and  contained  3.899 
grams  of  creatine. 

Rabbit  11 J  an  albino  female,  after  the  usual  preliminary  diet  was  found 
to  eliminate  27.0,  25.8,  25.8,  24.7,  26.6,  25.8,  25.1,  23.5,  24.5,  24.8,  26.0  and 


**  The  urine  of  growing  animals  contains  creatine  for  some  as  yet  unex- 
plained reason.  Cf.  Closson:  Amer.  Journ.  of  Physiol.,  xvi,  p.  252,  K06; 
Rose:  this  Journaly  x,  p.  265,  1911;  Folin  and  Denis:  ibid.,  xi,  p.  253,  1912. 
We  have  also  been  able  to  verify  this  observation  on  children  in  some  unpub- 
lished results. 
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24.8  mgms.  of  crcatinhie  N  per  day,  averagiDg  25.4  mgms.  and  giying  a 
coefficient  of  13.5  with  its  body  weight  of  1.87  kgms.  No  creatine  was  elim> 
inated  in  the  urine.  The  animal  was  killed  on  February  28;  the  skinned, 
eviscerated  carcass  weighed  965  grams  and  contained  3.070  grams  creatine. 

Rabbit  IB,  a  gray  female,  was  placed  under  observation  in  the  usual 
way  on  March  18.  The  daily  creatinine  N  eliminaf ion  until  March  29  was 
37.9,  39.0,  35.1,  36.3,  3o!l,  38.3,  38.3,  38.3,  37.4,  32.9  and  34.0  mgms.  On 
April  9  this  animal  gave  birth  to  three  young.  From  April  11  to  16  the 
daily  creatinine  N  was  38.3,  38.3,  40.5,  37.6  and  40.5  mgms.,  an  average  of 
37.1  mgms.  for  both  periods.  This  gave  a  creatinine  coefficient  of  14.5 
with  the  body  weight  of  2.56  kgms.  No  creatine  was  detected  in  the  urine. 
On  April  16  the  animal  was  killed.  A  subcutaneous  abscess,  weighing 
about  50  grams,  was  found  in  the  skin  on  the  ventral  surface  of  the  body. 
The  skinned  eviscerated  carcass  weighed  1480  grams  and  contained  a  mod- 
erate amount  of  fat,  which  was  removed  prior  to  extraction.  The  total 
amount  of  creatine  was  4.317  grams. 

Rabbit  15  was  an  albino  female.  Eight  embryos  were  foimd  when 
the  animal  was  killed  on  March  23.  The  daily  creatinine  N  elimination 
was  27.4,  27.0,  31.0,  28.5  and  27.0  mgms.,  averaging  28.2  mgms.  This  gave 
a  coefficient  pf  15.2  when  computed  from  the  body  weight  of  1.89  kgms. 
The  urine  contained  no  creatine.  The  weight  of  the  skinned,  eviscerated 
carcass  was  1035  grams  and  this  contained  3.370  grams  of  creatine. 

In  the  above  protocols,  the  samples  of  muscle  taken  for  creatine 
analysis  have  not  been  considered,  as  they  do  not  appear  to  be 
concerned  in  the  problem  at  hand,  these  special  data  having  been 
recorded  in  Table  I.  Any  creatine  present  in  the  internal  organs 
or  blood  has  not  been  tabulated,  because  it  was  thought  that 
these  small  amounts,  probably  not  over  0.1  gram  in  any  case, 
would  not  invalidate  our  deductions. 

In  Table  VII  are  given  our  results  for  this  series  of  experiments. 
An  inspection  of  this  table  shows  that  in  the  first  five  animals 
of  nearly  the  same  weight,  about  2  kgms.  (exclusive  of  the  first 
rabbit.  No.  12,  weighing  2.56),  the  ratio  between  the  total  body 
creatine  and  the  daily  creatinine,  was  very  constant,  averaging 
44.7  :  1.  This  included  animals  with  high  creatinine  coeflBcients 
(15.3)  and  low  coefficients  (13.5).  In  other  words,  animals  with 
a  high  creatinine  elimination  had  a  proportionately  high  body 
content  of  creatine.  In  rabbit  12,  weighing  2.56  kgms.,  the  cre- 
atine-creatinine ratio  was  43.2  :  1 .  With  smaller  animals,  the  ratio 
of  the  creatine  to  the  creatinine  was  found  increased,  e.g.,  in  rabbit 
5,  weighing  1.39  kgms.,  it  was  observed  to  be  53.3  :  1.  In  the  grow- 
ing rabbit  7,  which  had  a  low  creatinine  coefficient,  was  eliminat- 
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TABLE  VII. 


Relation  between  total  creatine  of  tissues  and  creatinine  of  urine  in   the 

rabbit.    Data  tabulated  in  order  of  body  weight. 


NUMBER  OF  ANI- 
MAL 

BODY  WRIGHT  AT 
DEATH                    i 

WBIGBT  OF  CAR- 
CABS 

1 

TOTAL  BODY  CRB-  | 
ATINE                       1 

AVERAGE     DAILY 
URINARY  CRE- 
ATININE 

1 

RATIO    or    BODY  1 
CBB  ATINE      TO 
DAILY  CREATI-  1 
NINE                         ' 

1 

AVERAGE    DAILY 
C  R  E  AT  I  N  I  N  E 
NITROGEN 

CREATININE     CO- 
EFFICIENT 

1 

CO  NTE  NT     OF  ' 
BODY   CREA- 
TINE 

kgmt. 

grama 

grarriM 

mgma. 

mgnut. 

mgm». 

per  cent 

12 

2.56 

1480 

4.317 

99.9 

43.2 

37.1 

14.5 

0  169 

10 

2.13 

1185 

3.899 

86.9 

44.9 

32.3 

i      15.2 

0.183 

6 

2.12 

1172 

3.535 

78.6 

45.0    , 

29.2 

13.7 

0.167 

9 

2.05 

1140 

3.385 

76.2 

44.4  : 

28.3 

1      13.8 

0.165 

15 

1.89 

1035 

3.370 

75.9 

44.4 

28.2 

1      15.3 

0.178 

11 

1.87 

965 

3.070 

68.4 

44.9 

25.4 

13  5 

0.164 

4 

1.77 

940 

3.096 
3.013 

63.5 

48.8 

23.6 

13.4 

0.176 

2 

1.55 

830 

61.4 

49.1     ; 

22  8 

'      14.7 

0.195 

3 

1.49 

878 

3.069 

60.0 

51.1 

22.3 

15.0 

0.206 

1 

1.48 

804 

2.633 

53.5 

49.2 

19.9 

,      13.4 

0.178 

5 

1.39 

790 

2.814 

52.8 

53  3 

19.6 

1      14.1 

0.202 

4 

0  69 

280 

0.947 

19.2 

49.3 

7.1 

10.4 

0  138 

ing  creatine  and  had  a  low  percentage  of  body  creatine,  the  ratio 
of  total  creatine  to  creatinine  was  49.3  :  1,  a  figure  not  essentially 
different  from  the  other  rabbits  ne^t  in  size.  It  is  possible  that 
the  slightly  high  ratios  observed  in  the  last  six  animals  may  all  be 
explained  on  the  basis  of  age.  We  appreciate  the  desirability 
of  further  data  on  this  point.  The  ratio  between  the  total  body 
creatine  and  daily  creatinine  would  appear  to  be  the  most  reliable 
means  of  comparing  these  two  supposedly  related  substances, 
because  the  factor  of  body  weight  is  here  eliminated  from  the 
calculations. 

Nevertheless  in  Table  VIII,  the  data  from  ten  rabbits,  exclus- 
ive of  Nos.  12  and  7,  the  two  extremes,  have  been  arranged  in 
order  of  the  creatinine  coefficients.  The  animals  with  a  low  per- 
centage content  of  body  creatine  are  seen  to  have  low  creatinine 
coefficients  and  vice  versa.  It  is  not  believed  that  these  figures 
are  simply  referable  to  variations  in  body  weight  which  enter 
into  these  calculations.  We  endeavored  to  make  our  body  weight 
figures  as  reliable  as  possible,  the  weight  being  taken  in  the  morn- 
ing prior  to  giving  food  and  after  compression  of  the  bladder. 
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Bearing  in  mind  the  constancy  in  the  content  of  creatine  in 
the  striated  muscle  of  the  rabbit,  it  would  appear  possible,  from 
our  figures  for  total  body  creatine  or  per  cent  of  body  creatine 
(Table  VII),  to  calculate  the  total  amount  of  striated  muscle  in 
the  body  of  the  rabbit  and  its  relative  proportion  to  the  body 
weight.  Taking  the  average  figure  for  the  content  of  body  crea- 
tine, about  0.182  per  cent,  35  per  cent  of  the  weight  of  the  rabbit 
would  be  in  the  form  of  muscle  tissue.  Should  it  be  found  possi- 
ble to  ascertain  the  factor  influencing  the  relation  between  the 
total  body  creatine  and- the  urinary  creatinine,  the  amount  of 
muscle  tissue  could  be  calculated  from  the  daily  creatinine  elimi- 
nation. 

In  a  series  of  experiments  (18)  upon  starving  rabbits,  which 
will  be  considered  in  a  subsequent  paper  and  have  already  been 
reported  in  abstract,*^  it  has  been  found  that  the  creatine  appear- 
ing in  the  urine  in  this  condition  accounts  very  largely  for  the 
creatine  which  has  been  lost  from  the  muscle  tissue.  In  a  short 
fast  this  urinary  creatine  almost  entirely  accounts  for  the  creatine 
lost  by  the  tissues,  but  with  an  increase  in  the  length  of  the  fast 
this  is  progressively  less  true.  This  deficit  we  are  inclined  to 
ascribe  to  the  creatinine  eliminated  during  the  period  of  starva- 
tion. Should  this  be  the  case,  it  would  greatly  strengthen  the 
idea  of  the  metabolic  origin  of  creatinine  from  creatine  or  some 
common  precursor  substance.  There  are  many  factors  which  need 
to  be  considered  in  this  connection  such  as  specific  enzymes,  the 
oxidative  power  of  the  body  toward  these  two  compounds,  etc. 
Experiments  are  in  progress  to  determine  the  fate  of  administered 
creatine  and  creatinine,  with  methods  similar  to  those  outlined 
above. 

CONCLUSIONS. 

It  has  been  pointed  out  that  the  creatine  content  of  muscle  in 
two  typical  animals,  viz.,  the  rabbit  (herbivorous)  and  the  dog 
(carnivorous)  is  very  constant.  For  the  cat  the  figures  were  some- 
what less  constant.  Not  only  is  the  content  of  muscle  creatine 
relatively  constant  for  a  given  animal,  but  the  figures  appear  to 
be  distinctive,  0.52  per  cent  for  the  rabbit,  0.45  per  cent  for  the 
cat,  0.37  per  cent  for  the  dog,  0.39  per  cent  for  man,  etc. 

"  Myers  and  Fine:  Proc.  Soc,  for  Exp.  Biol,  and  Med.,  x,  p.  12.  1912. 


A  NEW  METHOD  FOR  DRYING  TISSUES  AND  FLUIDS. 

Bt  JACOB  ROSENBLOOM. 

I 

(From  the  Laboratory  of  Biochemistry  of  the  University  of  Pittsburgh^ 

Pittsburgh,  Pa>) 

(Received  for  publication,  December  27,  1912.) 

The  methods  in  use  at  present  for  drying  tissues  and  fluids  may 
be  classified  as  follows:  (1)  Drying  by  means  of  salts;  anhydrous 
sodium  or  calcium  sulphate;  (2)  drying  by  means  of  alcohol; 
(3)  drying  in  air  or  neutral  gas. 

As  is  well  known  all  of  these  methods  have  many  disadvantages. 
The  methods  based  on  drying  by  means  of  anhydrous  salts  often 
cannot  be  used  because  the  mass  obtained  is  inconveniently  large 
when  one  expects  to  carry  out  a  Soxhlet  extraction  on  the  material. 

The  method  to  be  described  is  based  on  the  reaction  between 
calcium  carbide  and  water: 

CaC,  +  H,0  =  C,H,  -f  CaO 
CaO   -f  IT2O  =  Ca(OH)a 

and  has  many  advantages,  especially  when  drying  tissues  prelimin- 
ary to  the  extraction  of  the  contained  lipins. 

It  may  be  noted  that  most  of  the  water  undergoes  reaction  with 
the  carbide  to  form  acetylene,  the  mass  of  material  being  much 
leas  on  that  account  than  when  using  calcium  sulphate  or  sodium 
sulphate,  because  the  water  is  taken  up  by  these  salts  to  form  the 
hydrated  salt  and  the  water  still  remains  in  the  material.  Also 
the  calcium  oxide  formed  in  the  reaction  is  a  dehydrating  agent  and 
facilitates  the  drying.^  Another  advantage  in  the  calcium  carbide 
method  is  that  on  account  of  the  hardness  of  the  carbide  it  is  un- 
necessary to  add  sand  in  the  mixing  and  grinding  of  the  material. 

*  The  presence  of  calcium  oxide  is  especially  advantageous  when  drying 
bile  before  extracting  lipins  as  the  calcium  oxide  forma  an  insoluble  com- 
pound with  the  bile  pigments  and  prevents  their  extraction  by  the  solvents 
used. 
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PROTEIN  METABOLISM    FROM  THE  STANDPOINT  OF 

BLOOD  AND  TISSUE  ANALYSIS. 

SIXTH  PAPER. 

ON  URIC  ACID,  UREA  AND  TOTAL  NON-PROTEIN  NITROGEN  IN 

HITMAN  BLOOD. 

By  otto  FOLIN  and  W.  DENIS. 
{From  the  Biochemical  Laboratory  of  Harvard  Medical  School,  Boston,) 

(Received  for  publication,  December  31,  1912.) 

In  earlier  papers  of  this  series  we  have  reported  studies  on  the 
non-protein  nitrogenous  products  of  the  blood  from  the  standpoint 
of  absorption.  The  definite  nature  of  the  results  recorded  was 
largely  due  to  the  fact  that  the  new  technique  employed  proved 
suitable  for  the  work.  In  the  absence  of  unusually  rapid  absorption 
or  of  abnormally  high  levels  of  protein  destruction  (as  in  fevers)  the 
non-protein  nitrogen  of  the  blood  must  be  a  more  or  less  sharp  index 
to  the  efficiency  of  the  kidneys  in  removing  the  waste  nitrogenous 
products  circulating  in  the  blood.  The  investigation  of  the  non- 
protein nitrogenous  constituents  of  human  blood  is  especially 
interesting  from  this  point  of  view  because  of  its  possible  clinical 
bearings. 

We  are  well  aware,  of  course,  that  a  great  many  investigations 
have  already  been  made  in  this  field;  in  fact,  ever  since  the  time  of 
Bright,  clinicians  have  been  interested  in  the  "retention  nitrogen" 
of  the  blood  and  have  tried  hard  to  connect  it  in  one  way  or  another 
with  *•  uremia."^  But  on  the  whole  the  results  have  not  proved 
particularly  convincing,  instructive  6t  helpful,  either  to  physiolo- 
gists or  to  cUnicians.  By  means  of  our  new  methods,  however,  we 
expected  at  least  to  be  able  to  measure  various  d^rees  of  nitrogen 
retention  and  urea  accumulation  due  to  kidney  inefficiency  with 
much  greater  accuracy  than  had  heretofore  been  possible. 

4 

*  For  a  r^um^  of  much  of  the  literature  on  this  subject  see  Obermayer 
and  Popper:  Zeit8chr,f,  klin.  Med.,  pp.  72,  332,  1911. 
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men  ..  -  our  paper  on  a  method  for  determimng 

.  r  Js  as  a  matter  of  fact  enough  uric  acid 
u  :o  make  its  quantitative  determination 
.-<  as  simple  as  the  determination  of  the 
^  orcein  nitrogen. 

•r  1912. 
-w,H^  of  Gout. 
^  .:;enhelm:  Zeiischr,  /.  exp.  Path,  u,  Ther.,  iv, 
J5>,  551,  1907.    See  also  Gudzent:  Deittsch.  med. 
^^  1912. 
1  :his  Journal^  p.  469. 
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All  three  determinations  can  be  made  without  requiring  more 
than  20  to  30  cubic  centimeters  of  blood.  We  have  therefore 
in  a  combination  of  these  three  determinations  practically  a  new 
system  of  blood  analysis — certainly  one  well  worth  trying  out  on 
human  blood  for  clinical  purposes. 

As  a  preliminary  to  such  work  and  having  for  the  first  time  a 
method  capable  of  detecting  extremely  minute  amounts  of  uric 
acid  we  thought  it  worth  while  also  to  make  a  general  survey  of 
the  blood  of  diflferent  kinds  of  animals.  The  results  of  this  sur- 
vey are  given  in  table  1. 

TABLE  1. 

Uric  acid,  total  non-protein  nitrogen  and  urea  nitrogen  in  blood. 
(The  figures  represent  milligrams  per  100  grams  of  blood.) 


Rabbit  (6  cases) 

Sheep  (mixed  blood) 

Pig  (mixed  blood) 

Horse  (1  case,  antitoxin  animal). . 
Monkey  (1  case  polyomylitis) ...... 

Beef  (mixed  blood) 

Cat  (2  cases :  diet,  liver) 

Cat  (2  cases :  diet,  milk  and  eggs) . . 
Cat  (2  cases:  diet,  rice  and  cream) . 
Chicken  (6  cases,  mixed  blood)..... 

Duck  (4  cases,  mixed  blood) 

Goose  (1  case) 


URIC  ACID 

0.05 

0.05 

0.05 

0.05 

0.05 

0.2 

0.2 

0.2 

0.2 

4.9 

4.8 

4.8 


NON-PROT«IN 
NITROOCN 

31 
28 
32 
54 
60 
24 
60 
67 
31 
32 
34 
26 


URKA 
MITBOOEN 

13 
13 

14 
28 
38 
14 
34 
37 
20 

8 

7  • 

8 


From  the  results  obtained  it  would  appear  that  the  uric  acid 
in  the  blood  of  rabbit,  sheep  and  horse  is  almost  nil,  and  that  in 
the  case  of  the  other  animals  the  amount  though  a  trifle  larger 
is  still  extraordinarily  small — 0.2  of  a  milligram  or  less  per  100 
grams  of  blood.  In  bird^s  blood  where  the  origin  of  the  uric  acid  * 
is  entirely  different  from  that  of  mammals  the  amount  is,  of  course, 
very  much  larger,  but  still  is  not  as  large  as  we  had  expected  to 
find  it.  It  might  not  be  out  of  place  in  this  connection  to  call 
attention  to  the  small  amounts  of  urea  found  in  the  blood  of 
birds  as  compared  with  the  amounts  occurring  in  blood  of  mam- 
mals. 
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Wiechowski^  and  by  Hunter  and  Givens,^  is  thus  again  sharply 
indicated  by  the  uric  acid  content  of  the  blood. 

For  the  urea  and  total  non-protein  nitrogen  of  human  blood 
we  do  have  figures  representing  strictly  normal  material.  The 
blood  was  obtained  from  our  medical  students  and  from  instruc- 
tors in  the  department.  It  was  drawn  in  the  morning  3-6  hours 
after  breakfasts  which  varied  from  "te^  and  toast"  to  "one  egg, 
one  pork  chop,  cereal,  bread  and  cocoa.'* 

TABLE  3. 

TotcU  non-protein  nitrogen  and  urea  nitrogen  in  normal  human  blood, 
(Figures  indicate  milligrams  per  100  grams  of  blood.) 


NAMS 

O.F 

C.F 

1 

1 

H.L 1 

V'aU.  .  .  . 

J.D ! 

M.D \ 

H.T. . 

• 

L.R ' 

A.G..  . 

"" ^ 

1 

H.B..  . 

___•___.- 

1 

1 

L.W.. 

C.S 

E.C ' 

S.E ....! 

1 

J.M 1 

A.S ' 

t 

AOE 


NON-PROTEIN 
NITBOaXN 


UREA 
NITROGEN 


45 

26 

26 

25 

35 

26 

35 

25 

26 

23 

28 

25 

24 

24 

22 

26 

,      22 

26 

1      22 

22 

■      20 

26 

25 

22 

22 

23 

;      22 

25 

1      22 

26 

23 

24 

13 
12 
13 
13 
12 
11 
11 
11 
12 
11 
13 
11 
12 
12 
12 
13 


From  the  figures  for  non-protein  nitrogen  and  urea  nitrogen  in 
table  3  it  will  be  seen  that  the  former  varies  only  between  22  and 
26  milligrams  and  the  latter  only  between  11  and  13  milligrams 
per  100  grams  of  blood.  The  narrowness  of  the  range  of  varia- 
tion of  these  figures  is  quite  remarkable.  It  would  seem  that 
the  perfectly  normal  kidney  maintains  a  remarkably  constant  level 
of  non-protein  nitrogen  and  urea  nitrogen  in  the  blood.  A  ^'per- 
fectly normal  kidney"  appears,  however,  to  be  the  exception 
rather  than  the  rule  just  as  soon  as  one  leaves  the  thoroughly 

'  Biockem.  Zeitschr.j  xxv,  p.  433,  1910. 
•This  Journal,  xiii,  p.  372,  1912. 
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7-10  whose  nitrogen  and  urea  figures  are  normal  when  judged 
by  the  standard  values  of  table  3. 

In  view  of  the  striking  difference  in  the  condition  of  the  blood 
of  patients  at  hospitals  and  clinics  as  compared  with  that  of  strictly 
normal  adults  we  were  eager  to  see  what  kind  of  values  would 
be  obtained  from  patients  suflFering  from  recognized  nephritis. 
The  results  obtained  from  eleven  cases  of  ''chronic  nephritis**  are 
given  in  table  6.  Of  these  not  a  single  one  gave  normal  urea  or 
non-protein  nitrogen  figures.  The  lowest  figure  obtained  from 
nephritic  blood  is  half  again  as  large  as  the  highest  obtained  from 
normal  blood.     On  the  other  hand  some  of  the  nephritic  patients 

TABLES. 

Non-proiein  nitrogen^  urea  nitrogen  and  uric  acid  in  unselected 

human  blood. 

(The  figures  represent  milligrams  per  100  grams.) 


NOM-PBOTCIN 
NITSOGBN 

URSA 
MITROOBN 

18 

URIC  ACID 

NON-PROTKIN 
NITROGEN 

32 

UREA 
NITROGEN 

17          ' 

URIC  ACIE 

43 

1.2 

2.4 

27 

14 

1.4 

24 

13          ' 

2.0 

24 

18 

1.3 

35 

1 

18 

2.6 

50 

22 

1.2 

62          ' 

1 

.46      •   1 

2.1 

40 

21 

3.0 

36          ' 

19 

2.^ 

52 

32 

1.6        ' 

28 

16 

2.0 

24 

13 

2.0 

32" 

18 

2.5 

50 

26 

1.4 

36 

19 

1.7 

36 

19 

0.8        i 

28          , 

16 

2.4 

28 

16 

2.0 

32 

19 

1.8 

34 

18 

1.5 

carry  no  greater  accumulation  of  waste  nitrogen  in  the  blood 
than  that  found  in  some  of  the  patients  afflicted  with  syphilis 
or  insanity.  In  bow  many  of  the  latter  it  might  have  been  possible 
for  an  expert  cUnician  to  make  a  diagnosis  of  chronic  nephritis 
cannot  now  be  determined.^® 

In  the  nitrogen  and  urea  records  of  table  6  it  will  be  noted  that 
in  the  blood  of  one  patient  (No.  5,  A.  S.)  the  figures  are  nearly 
twice  as  large  as  the  corresponding  figures  of  any  other  in  the 
table  and  nearly  four  times  as  large  as  the  normal. 


^'  This  paper  represents  only  a  preliminary  survey  of  the  field — a  survey 
which  we  hope  to  follow  up  later  by  more  exhaustive  studies. 
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In  connection  with  an  extensive  series  of  investigations  of  human  blood 
in  various  diseases,  but  particularly  nephritis,  Strauss  subdivided  the  cases 
studied  into  chronic,  interstitial  and  chronic  parenchymatous  nephritis 
(with  and  without  uremia).  Strauss  worked  with  blood  serum,  taking 
100-200  cc.  of  blood  from  each  patient,  and  precipitated  the  proteins  by  means 
of  acetic  acid.  It  appears  to  us  very  improbable  that  the  procedure  em- 
ployed by  Strauss  for  removing  the  proteins  could  give  uniform  results. 
At  least  that  is  our  experience  in  connection  with  the  determination  of 
uric  acid  in  blood  when  we  use  a  very  similar  method  for  removing  the 
proteins.  Traces  of  albuminous  materials  make  no  difference  in  our  uric 
acid  results,  but  would  of  course  completely  destroy  the  value  of  nitrogen 
determinations  such  as  Strauss  made.  Strauss'  results  are  nevertheless 
decidedly  interesting.  But  his  conclusion  that  the  non-protein  nitrogen 
in  chronic  interstitial  nephritis  averages  82  mgm.  per  100  cc.  of  serum  and  40 
mgm.  in  parenchymatous  nephritis"  is  certainly  not  verified  by  our  results 
reported  in  table  6. 

The  figures  recorded  in  tables  5  and  6  are  noteworthy  in  that 
they  probably  represent  the  first  analyses  on  record  where  the 
uric  acid,  the  urea  and  the  total  non-protein  nitrogen  have  been 
determined  in  the  same  samples  of  human  blood.  Further,  from 
ike  figures  we  learn  at  once  that  there  is  apparently  no  relationship 
hdween  the  amount  of  uric  add  and  the  amount  of  urea  or  total  non- 
protein nitrogen  in  human  blood. 

The  above  italicized  generalization  is,  we  think,  of  fundamental 
importance  from  a  clinical  as  well  as  from  a  physiological  point 
of  view.  The  urea  and  total  non-protein  nitrogen  in  the  blood 
must  in  the  main  be  inversely  proportional  to  the  general  efficiency 
of  the  kidney  since  the  kidney  represents  practically  the  only 
outlet  for  the  nitrogenous  waste  products.  The  significance  of 
the  uric  acid  is  less  clear.  In  the  absence  of  some  other  plaus- 
ible explanation,  it,  too,  should  occur  in  the  blood  in  amounts 
inversely  proportional  to  the  ability  of  the  kidney  to  remove  it. 
Such  a  view  was  accordingly  in  earlier  times  used  to  explain  gout 
(Garrod),  a  disease  characterized  by  the  accumulation  of  uric  acid 
in  the  blood. 

This  simple  explanation,  naturally  the  first  one  to  be  thought 
of,  has  not  been  able  to  withstand  the  criticisms  to  which  it  has 
been  submitted.  To  clinicians  it  has  seemed  incorrect  because 
gout  and  general  kidney  inefficiency  do  not  go  hand  in  hand. 

"  Die  chronischen  Nieretuntzundungen,  1902,  p.  24. 

TH»  JOUKNAL  OF  BIOIX>OTCAL  CHEMISTRY,   VOL.   XIV,   NO.    1. 


38  Uric  Acid  and  Urea  in  Blood 

From  a  physiological  standpoint  it  was  far-fetched  because  it 
assumed  a  specificity  of  the  kidney  toward  different  waste  iho- 
ducts  which  was  not  warranted  by  anything  that  was  known  eon- 
ceming  the  secretion  of  urine. 

A  more  modem  explanation  of  the  absence  of  any  proportkn 
between  the  uric  acid  and  the  other  nitrogenous  waste  products 
in  blood  would  be  borrowed  from  the  ciurent  teachings  with 
regard  to  the  destruction  of  uric  acid  within  the  body.  Given 
some  region,  some  tissue  or  organ,  capable  of  destroying  uric  add, 
and  partial  stagnation  due  to  kidney  inefficiency  would  result  in 
the  circulation  of  the  uric  acid  laden  blood  over  and  over  a^un 
through  such  a  region  and  the  accumulation  of  uric  acid  would 
be  prevented.  A  few  years  ago  no  one  would  have  hesitated  to 
accept  this  last  explanation.  The  work  of  Burian  and  Schur 
seemed  to  furnish  a  substantial  experimental  basis  for  it.  Just 
now  there  is  room  for  a  certain  amount  of  hesitancy  because  of 
the  genetic  relationship  which  has  been  discovered  to  exist  between 
uric  acid  and  allantoin  in  the  urine  (Wiechowski). 

Allantoin  is  regarded  as  a  final  waste  product  whose  precursor 
is  uric  acid.  The  urine  of  animals  which  contains  little  or  no 
uric  acid  contains  instead  allantoin  in  amounts  sufficient  to  ac- 
count for  the  missing  uric  acid.  In  man,  however,  the  allantoin 
excretion  is  almost  nothing,  amounting  only  to  10  or  15  milli- 
grams or  even  less  per  twenty-four  hoilrs.  The  practical  absence 
of  allantoin  in  human  urine  has  at  once  raised  %he  issue  whetho' 
uric  acid  is  destroyed  within  the  human  organism.  Wiechowski, 
Siv^n  and  Hunter  and  Givens**  have  taken  the  position  that  uric 
acid  is  probably  a  final  waste  product  in  man  and  is  not  destroyed 
by  any  human  tissue.  Frank  and  Schittenhelm  adopt  the  old«* 
view  of  Burian  and  Schur  that  the  destruction  of  inric  acid  within 
the  human  organism  is  quite  extensive;  and  Brugsch  and  Schitten- 
helm*^ have  formulated  a  theory  of  gout  based  on  a  variable 
fermentative  destruction  of  uric  acid,  the  failure  of  which  in  gout 
is  due  to  a  defective  cell  metabolism  and  results  in  the  accumula- 
tion of  uric  acid  in  the  blood. 

"  For  the  recent  literature  on  the  subject  sec  the  article  by  Hunter  and 
Givens  already  cited. 
"  Loc.  rit. 
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K  the  amount  of  uric  acid  in  human  blood  were  always  small, 
i.e.,  at  the  normal  level,  compared  with  the  accumulation  of  the 
other  nitrogenous  waste  products,  there  would  hardly  be  room 
for  any  differences  of  opinion  as  to  the  ability  of  the  hiunan  organ- 
ism to  decompose  uric  acid,  notwithstanding  the  fact  that  it,  unUke 
other  animal  organisms,  does  not  convert  the  uric  acid  into  allan- 
toin.  The  situation  is,  however,  rendered  more  complex  by  the 
well  established  fact  that  in  certain  kinds  of  human  blood  (gout 
and  lead  poisoning)  there  is  an  accumiUation  of  uric  acid. 

Analyses  of  hmnan  blood  characterized  by  a  high  uric  acid 
content  are  recorded  in  table  7.  For  the  time  being  we  venture 
to  call  this  blood  "uric  acid  blood"  in  order  to  emphasize  our 
finding  that  it  is  abnormally  rich  in  uric  acid  without  containing 
correspondingly  large  amounts  of  urea  or  other  waste  nitrogen. 
The  distinctive  character  of  this  blood  is  we  think  unmistakable. 
The  uric  acid  may  reach  the  saturation  point  (in  the  form  of 
urate  of  soda)  and  may  be  as  abundant  as  in  the  blood  of  birds! 

There  is  still  a  certain  amount  of  dispute  as  to  whether  the  uric 
acid  elimination  in  gout  is  or  is  not  appreciably  diminished. 

No  one,  however,  claims  that  the  uric  acid  output  is  increased 
above  that  found  in  the  normal.  This  is  important.  The  mere 
fact  that  the  uric  acid  may  accumulate  in  the  blood  of  the  gouty 
without  being  accompanied  by  an  increased  elimination  consti- 
tutes definite  proof  that  the  gouty  kidney  is  damaged  with  ref- 
erence to  its  ability  to  eliminate  uric  acid. 

The  hypothesis  that  there  is  normally  a  fermentative  destruc- 
tion of  uric  acid  within  the  human  tissues  and  that  this  destructive 
process  is  diminished  in  gout,  as  suggested  by  Brugsch  and  Schitten- 
helm,  is  hopelessly  inadequate  becai^se  the  undisputed  fact  is  that 
the  gouty  kidney  fails  to  respond  with  an  increased  elimination 
of  uric  acid  when  there  are  noteworthy  accumulatiotis  of  uric 
acid  in  the  blood.  Further,  the  fact  that  some  gouty  kidneys 
are  capable  of  eliminating  the  urea  and  other  nitrogenous  waste 
products  almost  or  quite  as  well  as  strictly  normal  kidneys  (see 
Nos.  1  and  6,  table  7)  comes  very  near  proving  that  the  kidney 
activity  is  as  selective  as  is  the  secretory  activity  of  any  other 
gland.  In  pure  gout  unaccompanied  by  any  abnormal  urea  re- 
tention in  the  blood  the  kidney  is  damaged  (so  far  as  we  yet  know) 
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All  three  determinations  can  be  made  without  requiring  more 
than  20  to  30  cubic  centimeters  of  blood.  We  have  therefore 
in  a  combination  of  these  three  determinations  practically  a  new 
system  of  blood  analysis — certainly  one  well  worth  trying  out  on 
human  blood  for  clinical  purposes. 

As  a  preliminary  to  such  work  and  ha\ing  for  the  first  time  a 
method  capable  of  detecting  extremely  minute  amounts  of  uric 
acid  we  thought  it  worth  while  also  to  make  a  general  survey  of 
the  blood  of  dififerent  kinds  of  animals.  The  results  -of  this  sur- 
vey are  given  in  table  1. 

TABLE  1. 

Uric  acid,  total  non-protein  nitrogen  and  urea  nitrogen  in  blood. 
(The  figures  represent  milligrams  per  100  grams  of  blood.) 


Rabbit  (6  cases) 

Sheep  (mixed  blood) 

Pig  (mixed  blood) 

Horse  (1  case,  antitoxin  animal) . . 
Monkey  (1  case  polyomylitis) ...... 

Beef  (mixed  blood) 

Cat  (2  cases:  diet,  liver) 

Cat  (2  cases:  diet,  milk  and  eggs) .. 
Cat  (2  cases:  diet,  rice  and  cream) . 
Chicken  (6  cases,  mixed  blood).... . 

Duck  (4  cases,  mixed  blood) 

Goose  (1  case) 


URIC  ACID 

0.05 

0.0.5 

0.05 

0.05 

0.05 

0.2 

0.2 

0.2 

0.2 

4.9 

4.8 

4.8 


NON-PROTEIN 
NITROGEN 

31 

28 
32 
54 
60 
24 
60 
67 
31 
32 
34 
26 


URBA 
NITROOXN 

13 
13 
14 

28 
38 
14 
34 
37 
20 

8 

7  • 

8 


From  the  results  obtained  it  would  appear  that  the  uric  acid 
in  the  blood  of  rabbit,  sheep  and  horse  is  almost  nil,  and  that  in 
the  case  of  the  other  animals  the  amount  though  a  trifle  larger 
is  still  extraordinarily  small — 0.2  of  a  milligram  or  less  per  100 
grams  of  blood.  In  bird's  blood  where  the  origin  of  the  uric  acid  * 
is  entirely  different  from  that  of  mammals  the  amount  is,  of  course, 
very  much  larger,  but  still  is  not  as  large  as  we  had  expected  to 
find  it.  It  might  not  be  out  of  place  in  this  connection  to  call 
attention  to  the  small  amounts  of  urea  found  in  the  blood  of 
birds  as  compared  with  the  amounts  occurring  in  blood  of  mam- 
mals. 
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Wiechowski'  and  by  Hunter  and  Givens,*  is  thus  again  sharply 
indicated  by  the  uric  acid  content  of  the  blood. 

For  the  urea  and  total  non-protein  nitrogen  of  human  blood 
we  do  have  figmes  representing  strictly  normal  material.  The 
blood  was  obtained  from  our  medical  students  and  from  instruc- 
tors in  the  department.  It  was  drawn  in  the  morning  3-6  hours 
^ter  breakfasts  which  varied  from  "te^  and  toast"  to  "one  egg, 
one  pork  chop,  cereal,  bread  and  cocoa." 

TABLE  3. 

Total  non-protein  nitrogen  and  urea  nitrogen  in  normal  human  blood, 

(Figures  indicate  milligrams  per  100  grams  of  blood.) 


NAMX 

AOE 

NON-PROTEIN 
NITROGEN     1 

26 

25 

26     ' 

25 

23     ; 

25 

24 

26     1 

26 

22     ! 

26 

22 

23 

25 

26     ; 

24 

UREA 
NITROOEN 

O.F 

C.F 

H.L. . 

., 

45 
26 
35 
35 
26 
28 
24 
22 
22 
22 
20 
25 
22 
22 
22 
23 

13 
12 
13 

C.E 

13 

J.D 

12 

M.D 

H.T..  . 



• 

11 
11 

L.n 

A.G 

% 

11 

12 

H.B 

• 

11 

L.W 

13 

c.s 

11 

E.C 

S.E 

•    12 
12 

J.M 

12 

A.S 

13 

From  the  figures  for  non-protein  nitrogen  and  urea  nitrogen  in 
table  3  it  will  be  seen  that  the  former  varies  only  between  22  and 
26  milligrams  and  the  latter  only  between  11  and  13  milligrams 
per  100  grams  of  blood.  The  narrowness  of  the  range  of  varia- 
tion of  these  figures  is  quite  remarkal^le.  It  would  seem  that 
the  perfectly  normal  kidney  maintains  a  remarkably  constant  level 
of  non-protein  nitrogen  and  urea  nitrogen  in  the  blood.  A  *' per- 
fectly normal  kidney"  appears,  however,  to  be  the  exception 
rather  than  the  rule  just  as  soon  as  one  leaves  the  thoroughly 


'  Biochem.  Zeitschr.,  xxv,  p.  433,  1910. 
•  This  Journal,  xiii,  p.  372,  1912. 
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7-10  whose  nitrogen  and  urea  figures  are  normal  when  judged 
by  the  standard  values  of  table  3. 

In  view  of  the  striking  difference  in  the  condition  of  the  blood 
of  patients  at  hospitals  and  cUnics  as  compared  with  that  of  strictly 
normal  adults  we  were  eager  to  see  what  kind  of  values  would 
be  obtained  from  patients  suffering  from  recognized  nephritis. 
The  results  obtained  from  eleven  cases  of  ''chronic  nephritis"  are 
given  in  table  6.  Of  these  not  a  single  one  gave  normal  urea  or 
non-protein  nitrogen  figures.  The  lowest  figure  obtained  from 
nephritic  blood  is  half  again  as  large  as  the  highest  obtained  from 
normal  blood.     On  the  other  hand  some  of  the  nephritic  patients 

TABLES. 

Non-protein  nitrogen^  urea  nitrogen  and  uric  acid  in  unselected 

human  blood. 

(The  figures  represent  milligrams  per  100  grams.) 


I 


NON-PBOTEIN 
KTTROOBN     ' 

43 
27 
24 
50 
40 
52 
24 
50 
36 
28 
34 


UREA 

NrrRooxN 

18 
14 
18 
22 
21 
32 
13 
26 
19 
16 
18 


URIC  ACID 


1.2 

14 
1.3 
1.2 
3.0 
1.6 
2.0 
1.4 
0.8 
2.0 
1.5 


NON-PROTEIN    ' 
NITROGEN 

UREA 
NITROGEN 

URIC  ACID 

32 

17                1 

2.4 

24 

13 

2.0 

35 

18 

2.6 

62          ' 

.46      •   1 

2.1 

36          ' 

19 

2.S 

28          1 

16 

2.0 

32* 

18          i 

2.5 

36 

19         ! 

1.7 

28          i 

16          ' 

2.4 

32 

19 

1.8 

carr\'  no  greater  accumulation  of  waste  nitrogen  in  the  blood 
than  that  found  in  some  of  the  patients  afflicted  with  syphilis 
or  insanity.  In  bow  many  of  the  latter  it  might  have  been  possible 
for  an  expert  clinician  to  make  a  diagnosis  of  chronic  nephritis 
cannot  now  be  determined.*® 

In  the  nitrogen  and  urea  records  of  table  6  it  will  be  noted  that 
in  the  blood  of  one  patient  (No.  5,  A.  S.)  the  figures  are  nearly 
twice  as  large  as  the  corresponding  figures  of  any  other  in  the 
table  and  nearly  four  times  as  large  as  the  normal. 

*®  This  paper  represents  only  a  preliminary  survey  of  the  field — a  survey 
which  we  hope  to  follow  up  later  by  more  exhaustive  studies. 
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In  connection  with  an  extensive  series  of  investigations  of  human  blood 
in  various  diseases,  but  particularly  nephritis,  Strauss  subdivided  the  cases 
studied  into  chronic,  interstitial  and  chronic  parenchymatous  nephritis 
(with  and  without  uremia).  Strauss  worked  with  blood  serum,  taking 
100-200  cc.  of  blood  from  each  patient,  and  precipitated  the  proteins  by  means 
of  acetic  acid.  It  appears  to  us  very  improbable  that  the  procedure  em- 
ployed by  Strauss  for  removing  the  proteins  could  give  uniform  results. 
At  least  that  is  our  experience  in  connection  with  the  determination  of 
uric  acid  in  blood  when  we  use  a  very  similar  method  for  removing  the 
proteins.  Traces  of  albuminous  materials  make  no  difference  in  our  uric 
acid  results,  but  would  of  course  completely  destroy  the  value  of  nitrogen 
determinations  such  as  Strauss  made.  Strauss*  results  are  nevertheless 
decidedly  interesting.  But  his  conclusion  that  the  non-protein  nitrogen 
in  chronic  interstitial  nephritis  averages  82  mgm.  per  100  cc.  of  serum  and  40 
mgm.  in  parench3rmatous  nephritis"  is  certainly  not  verified  by  our  results 
reported  in  table  6. 

The  figures  recorded  in  tables  5  and  6  are  noteworthy  in  that 
they  probably  represent  the  first  analyses  on  record  where  the 
uric  acid,  the  urea  and  the  total  non-protein  nitrogen  have  been 
determined  in  the  same  samples  of  human  blood.  Further^  from 
the  figures  we  learn  at  once  that  there  is  apparently  no  relationship 
between  the  amount  of  uric  acid  and  the  amount  of  urea  or  total  non- 
protein nitrogen  in  human  blood. 

The  above  itaUcized  generalization  is,  we  think,  of  fundamental 
importance  from  a  clinical  as  well  as  from  a  physiological  point 
of  view.  The  urea  and  total  non-protein  nitrogen  in  the  blood 
raust  in  the  main  be  inversely  proportional  to  the  general  efficiency 
of  the  kidney  since  the  kidney  represents  practically  the  only 
outlet  for  the  nitrogenous  waste  products.  The  significance  of 
the  uric  acid  is  less  clear.  In  the  absence  of  some  other  plaus- 
ible explanation,  it,  too,  should  occur  in  the  blood  in  amounts 
inversely  proportional  to  the  abiUty  of  the  kidney  to  remove  it. 
Such  a  view  was  accordingly  in  earlier  times  used  to  explain  gout 
(Garrod),  a  disease  characterized  by  the  accumulation  of  uric  acid 
in  the  blood. 

This  simple  explanation,  naturally  the  first  one  to  be  thought 
of,  has  not  been  able  to  withstand  the  criticisms  to  which  it  has 
been  submitted.  To  clinicians  it  has  seemed  incorrect  because 
gout  and  general  kidney  inefficiency  do  not  go  hand  in  hand. 

"  Die  chronischen  Nierejmnlzundungev ,  1902,  p.  24. 
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If  the  amount  of  uric  acid  in  human  blood  were  always  small^ 
i,e.,  at  the  normal  level,  compared  with  the  accumulation  of  the 
other  nitrogenous  waste  products,  there  would  hardly  be  room 
for  any  differences  of  opinion  as  to  the  ability  of  the  human  organ- 
ism to  decompose  uric  acid,  notwithstanding  the  fact  that  it,  unlike 
other  animal  organisms,  does  not  convert  the  uric  acid  into  allan- 
toin.  The  situation  is,  however,  rendered  more  complex  by  the 
well  established  fact  that  in  certain  kinds  of  human  blood  (gout 
and  lead  poisoning)  there  is  an  accumiUation  of  uric  acid. 

Analyses  of  human  blood  characterized  by  a  high  uric  acid 
content  are  recorded  in  table  7.  For  the  time  being  we  venture 
to  call  this  blood  "uric  acid  blood"  in  order  to  emphasize  our 
finding  that  it  is  abnormally  rich  in  uric  acid  without  containing 
correspondingly  large  amounts  of  urea  or  other  waste  nitrogen. 
The  distinctive  character  of  this  blood  is  we  think  unmistakable. 
The  uric  acid  may  reach  the  saturation  point  (in  the  form  of 
urate  of  soda)  and  may  be  as  abundant  as  in  the  blood  of  birds! 

There  is  still  a  certain  amount  of  dispute  as  to  whether  the  uric 
acid  elimination  in  gout  is  or  is  not  appreciably  diminished. 

No  one,  however,  claims  that  the  uric  acid  output  is  increased 
above  that  found  in  the  normal.  This  is  important.  The  mere 
fact  that  the  uric  acid  may  accumulate  in  the  blood  of  the  gouty 
without  being  accompanied  by  an  increased  elimination  consti- 
tutes definite  proof  that  the  gouty  kidney  is  damaged  with  ref- 
erence to  its  ability  to  eliminate  uric  acid. 

The  h3rpothe8is  that  there  is  normally  a  fermentative  destruc- 
tion of  uric  acid  within  the  human  tissues  and  that  this  destructive 
process  is  diminished  in  gout,  as  suggested  by  Brugsch  and  Schitten- 
helm,  is  hopelessly  inadequate  because  the  undisputed  fact  is  that 
the  gouty  kidney  fails  to  respond  with  an  increased  elimination 
of  uric  acid  when  there  are  noteworthy  accumulatiotis  of  uric 
acid  in  the  blood.  Further,  the  fact  that  some  gouty  kidneys 
are  capable  of  eliminating  the  urea  and  other  nitrogenous  waste 
products  almost  or  quite  as  well  as  strictly  normal  kidneys  (see 
Nos.  1  and  6,  table  7)  comes  very  near  proving  that  the  kidney 
activity  is  as  selective  as  is  the  secretory  activity  of  any  other 
gland.  In  pure  gout  unaccompanied  by  any  abnormal  urea  re- 
tention in  the  blood  the  kidney  is  damaged  (so  far  as  we  yet  know) 
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only  with  regard  to  its  function  of  removing  down  to  the  normal 
level  the  uric  acid  of  the  blood.^* 

The  damage  to  the  kidney  resulting  in  the  retention  of  uric 
acid  and  in  the  development  of  gout  may  be  a  very  slight  damage. 
The  normal  kidney  clearly  does  not  remove  the  uric  acid  from  the 
blood  as  completely  as  the  negative  uric  acid  findings  of  previous 
investigators  seemed  to  indicate.    Normal  human  blood  contains 
several  times  as  much  uric  acid  as  they  thought.    Gouty  blood 
on  the  other  hand  seems  to  contain  less.^^    Normal  blood  contains 
not  less  than  from  1  to  2  or  2.5  milligrams  of  uric  acid  per  100 
grams  of  blood.    The  blood  in  gout  does  not  exceed  6  milligrams 
at  least  so  far  as  our  present  experience  goes.    There  is,  however, 
no  reason  to  suppose  that  a  uric  acid  concentration  of  4  to  6  mil- 
ligrams per  100  grams  of  blood  is  very  much  more  irritating  or 
stimulating  to  the  kidney  than  the  somewhat  more  dilute  solu- 
tions represented  by  normal  blood.     Disregarding  the  insolubil- 
ity of  uric  acid  the  elevation  of  its  threshold  of  elimination  from 
2  to  4  or  6  milligrams  (per  100  grams  of  blood)  is  certainly  a  small 
one.     Kidneys  in  which  the  threshold  of  elimination  for  urea  has 
risen  by  10  or  20  milligrams  (per  100  grams)  or  even  more  are 
as  we  have  seen  (tables  4  and  5)  extraordinarily  common. 

Such  urea  (and  total  nitrogen)  retentions  may  represent  latent 
or  incipient  nephritis,  but  in  many,,  perhaps  in  most  of  these, 
the  nephritis  must  remain  latent  or  incipient,  otherwise  cases  of 
recognized  nephritis  would  be  much  more  common  than  they  are. 
Whether  any  recognizable  effects  on  health  may  be  traced  to  such 
urea  retentions  remains  to  be  determined.  In  the  case  of  uric 
acid  it  seems  to  be  purely  a  matter  of  chance,  purely  a  matter 
of  insolubility,  that  corresponding  or  even  smaller  degrees  of 
kidney  insufficiency  and  slight  uric  acid  accumulation  should 
result  in  all  the  serious  consequences  involved  in  the  development 
of  gout. 

^*  In  leukemia  (see  Nos.  7,  8,  9,  table  7)  the  cause  of  the  high  uric  acid 
in  the  blood  is  an  increased  production,  and  the  kidney  responds  by  elim- 
inating large  quantities  of  uric  acid. 

"  From  a  consideration  of  the  analytical  technique  employed  by  earlier 
investigators  it  is  not  difficult  to  see  that  they  would  entirely  overlook 
moderate  amounts  of  uric  acid  (1-2  mgm.)  yet  would  get  (by  weight  or  by 
nitrogen  determinations)  entirely  too  much  if  they  found  any  at  all. 


42  Uric  Acid  and  Urea  in  Blood 

We  have  said  nothing  in  this  communication  concerning  endog- 
enous versus  exogenous  uric  acid  in  blood — a  distinction  stron^y 
emphasized  by  Brugsch  and  Schittenhelm  in  their  papers  on  gout 
The  distinction  is  one  long  considered  from  a  therapeutic  dietetic 
standpoint.  It  may  prove  somewhat  important  from  the  stand- 
point of  diagnosis,  as  well,  in  doubtful  cases.  As  in  the  case  of 
the  urea  the  difference  between  the  normal  and  the  abnormal 
uric  acid  level  in  the  blood  should  however  be  unmistakable  with- 
out r^ard  to  reasonable  variations  in  the  purine  intake. 

The  investigations  of  the  accimiulation  of  waste  products  in 
human  blood  in  various  diseases  are  being  continued. 


THE  CHEMISTRY  OF  GLUCONEOGENESIS. 

U.    THE  FORMATION   OF  GLUCOSE   FROM  VALERIANIC  AND 

HEPTYLIC  ACIDS. 
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With  the  Assistance  of  L.  Jonas. 

{From  the  Departmenl  of  Physiological  Chemistry  of  the  University  of 

Pennsylvania  J  PhiladelphiOy  Pa.) 

(Received  for  publication,  January  10,  1913.) 

In  a  previous  communication^  under  this  title,  evidence  was 
presented  to  the  effect  that  in  phlorhizinized  animals,  the  admin- 
istration of  10  grams  of  propionic  acid,  as  ammonium  or  sodium 
salts,  per  os  or  subcutaneously,  was  followed  by  an  increase  in  the 
glucose  elimination  which  corresponded  to  all  of  the  carbon  of 
the  propionic  acid.  The  suggestion  was  then  made  that  phlor- 
hizinized animals  have  the  power  of  quantitatively*  synthesizing 
propionic  acid  into  glucose.  In  this  series  of  experiments  the 
influence  of  the  homologues  of  propionic  acid  are  considered. 

Methods, 

Female  dogs  were  used  in  all  the  experiments.  The  urine  was  collected 
by  catheter,  and  the  bladder  washed  with  distilled  water  at  the  end  of 
every  period.  Merck's  phlorhizin  was  used,  and  was  injected  in  2-gram 
doses  three  times  per  twenty-four  hours,  as  reconmiended  by  Lusk.*  The 
following  methods  were  used  in  the  analyses:  nitrogen,  Kjeldahl-Gunning; 
ammonia,  Folin;  total  acetone,  Huppert-Messinger;  aceto-acetic  acid, 
Embden;  glucose,  the  Allihn  gravimetric  method,  also  by  polarization  after 
clarifying  the  urine  with  basic  lead  acetate;  /3-hydroxybutyric  acid,  deter- 
mined by  Magnus-Levy's  method.  The  i9-hydroxybutyric  acid  results  are 
relative,  not  absolute,  for  it  was  found  that  a  considerable  amount  of 

*  A.  I.  Ringer:  The  Chemistry  of  Gluconeogenesis.  I.  The  Quantitative 
Conversion  of  Propionic  Acid  into  Glucose,  this  Journal,  xii,  p.  511,  1912. 

*By  quantitative,  in  this  case,  we  understand  the  utilization  of  the 
entire  molecule  for  the  synthesis  of  glucose.  , 

'Graham  Lusk:  Phlorhizinglukosurie,  Ergeh.  d.  Physiol,,  xiii,  p.  315, 
1912. 
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periods  II  and  III  would  have  reclamed  at  3.38  had  no  valerianic 
acid  been  given.  In  calculating  the  "extra  glucose"  an  error  is 
thus  introduced  which  makes  the  results  a  little  too  low.  The 
extra  glucose  can  be  calculated  by  the  following  formula:  EG  =  G 
—  (N  X  Q);  E  G  stands  for  extra  glucose,  G  stands  for  the  value 
of  the  glucose  elimmated,  A^  stands  for  the  value  of  the  nitrogen, 
Q  stands  for  the  value  of  the  assumed  D  :  N  quotient. 

G  in  periods  II  and  III  is  equal  to  24.13  -h  18.54  =  42.67  grams. 
.V  in  periods  II  and  III  is  equal  to  4.78  -h  4.67  =  9.46  grams. 
Q  in  periods  II  and  III  is  assumed  to  be  3.38. 

EG^G-(NXQ)--  42.67  -  (9.45  X  3.38)  -  10.7. 

9,2  grains  of  normal  valerianic  acid  give  rise  to  10.7  grams  of 
extra  glucose. 

In  experiment  IX,  period  II,  the  animal  received  14.2  grams  of 
normal  valerianic  acid  administered  as  above.  The  glucose  elimi- 
nation rose  from  18.28  grams  in  the  fore  period  to  26.20  and  21.08 
in  the  second  and  third  periods  respectively.  The  D  :  N  ratio, 
which  was  3.55  in  the  fore  period,  rose  to  5.28  and  3.89  in  the 
second  and  third  periods. 

CalctUaiion  of  ^^ extra  glucose.^* 

G  in  periods  II  and  III  is  equal  to  26.20  -f-  21.08  =  47.28  grams. 

.V  in  periods  II  and  III  is  equal  to    4.96  -f-    5.41  =  10.37  grams. 

,     3.55  +  3.64 
Q  in  periods  II  and  III  is  assumed  to  be —  3.6. 

EG^G-(NXQ)^  47.28  -  (10.37  X  3.6)  =  9.95. 

14-2  grams  of  normal  valerianic  acid  give  rise  to  9.95  grams  of 
extra  glucose. 

These  two  experiments  agree  in  showing  that  normal  valeri- 
anic acid  can  be  utilized  in  the  synthesis  of  glucose.  Although  the 
extent  of  the  utilization  differs  widely  in  these  two  experiments, 
we  are  justified,  from  the  very  nature  of  experiments  on  phlor- 
hizinized  animals,  in  accepting  the  maximal  figures  as  the  ones 
which  show  the  maximmn  extent  of  synthesis.  In  experiment 
VII  we  obtained  10.7  grams  of  glucose  from  9.2  grams  of  normal 
valerianic  acid.  Calculated  per  10.0  grams  of  valerianic  acid,  the 
yield  of  glucose  is  equal  to  11.6  grams.  In  experiment  IX,  14.2 
grams  of  valerianic  acid  yielded  9.95  grams  of  glucose,  which 
gives  for  10.0  grams  of  this  acid  7.0  grams  of  glucose.     How  can 
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IX,  period  V,  the  animal  received  10.3  grams  of  the  same  acid. 
In  neither  case  was  there  any  increase  in  the  glucose  elimination. 
The  acetone  bodies,  aceto-acetic  acid  and  j8-hydroxybutyric  acid 
were  increased  considerably,  especially  in  experiment  IX.  These 
two  experiments  corroborate  the  findings  of  earlier  investigators* 
who  found  that  caproic  acid  is  a  j8-hydroxybutyric  acid  builder. 

The  effect  of  normal  heptylic  acid 

(CH.j-CH.2-CH.2-Cji2-Cji2-CH.2-COOH.) . 

In  experiment  IX,  period  VII,  13  grams  of  normal  heptylic 
acid  were  administered  subcutaneously.  The  glucose  elimination 
in  that  period  was  increased,  but  to  a  lesser  extent  than  after 
valerianic  acid  feeding.  Assuming  that  all  of  the  extra  glucose 
came  out  in  that  period,  then  J5  G  =  G  —  (iV  X  Q)  =  19.15  — 
(4.13  X  3.75)  =  3.67  grams  of  extra  glucose.  In  experiment  X, 
period  II,  13  grams  of  heptylic  acid  were  administered  as  above. 
The  glucose  rose  from  15.63  in  the  fore  period  to  20.99;  the  D  :  N 
ratio  rose  from  3.71  to  4.20. 

EG  =  G-(NXQ)=-  20.99  -  (5.0  X  3.78)  =  2.09  grams  of 
extra  glucose.  The  amoimt  of  glucose  derived  from  heptylic  acid 
is  indeed  small,  but  an  examination  of  the  table  convinces  one  that 
there  is  a  decided  increase,  and  that  it  can  come  from  no  other 
source.  The  heptylic  acid  no  doubt  xmdergoes  oxidation  and 
cleavage  in  the  j8-position,  being  converted  into  valerianic  acid 
and  finally  into  propionic  acid,  and  this  fraction  of  the  heptylic 
acid  molecule  goes  over  into  glucose. 

CH^a  CHs  CHs 


CH2  CH2 >CH2 >C6Hi206 

I 


CHi  j8  CH2                       COOH 

I  I 

CH2 >a  CH2  CH3 

I  I                             I 

P  CH2  COOH                   COOH 

I 

a  CH2  CH3 

I  I 

COOH  COOH 


•  H.  D.  Dakin :  loc,  ciL 
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SUMMARY. 

Experiments  were  performed  on  phlorhizinized  dogs  and  the 
glucose,  nitrogen,  anmionia,  acetone,  aceto-acetic  acid  and  j8- 
hydroxybutyric  acid  eliminations  were  studied. 

I.  The  administration  of  formic  acid  is  not  followed  by  any 
increase  in  the  glucose  elimination. 

II.  Butyric  and  caproic  acids  produce  an  increase  in  the  aceto- 
aietic  and  j8-hydroxybutyric  acid  eliminations,  but  no  increase  in 
the  glucose. 

III.  Valerianic  and  heptyUc  acids  give  rise  to  glucose,  in  all 
probability  because  of  the  formation  of  propionic  acid  as  an  inter- 
mediary body  in  their  cataboUsm,  after  imdergoing  j8-oxidation. 

IV.  Attention  is  called  to  the  fact  that  the  fatty  acids  with  an 
uneven  number  of  carbon  atoms  give  rise  to  glucose. 

The  experimental  data  will  be  found  in  the  following  tables. 
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DATE 
1912 

22 
22 
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Experiment  IV.  Twelve-hour  periods. 


PERIOD 

WEIGHT 

TOTAL 
NITROGEN 

TOTAL 
GtUCOBE 

D:N 

I 

10.0 

5.41 

20.26 

3.74 

II 

• 

606 

18  60 

3  64 

III 

5.27 

17.29 

3.28 

IV 

5.05 

16.72 

3  31 

REMARKS 


11.5  grams  formic 
acid  as  Na  salt 
given  subcuta- 
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STUDffiS  IN  COTTON  SEED  MEAL  INTOXICATION.    I.^ 

PYROPHOSPHORIC  ACID. 

By  W.  a.  withers  and  B.  J.  RAY. 

With  the  Collaboration  op  R.  S.*  Curtis  and  G.  A.  Roberts. 

(From  the  North  Carolina  Agricxdtural  Experiment  Station,  Raleigh,  N.  C.) 

« 

(Received  for  publication,  January  2,  1913.) 

The  injurious  effect  of  the  continuous  feeding  of  cotton  seed 
meal  to  calves  and  swine  has  been  known  for  years.  The  cause 
has  been  ascribed  by  various  investigators^  to  lint,  oil,  high  pro- 
tein content,  a  toxalbumin,  choUne,  betaine,  resin  and  decomposi- 
tion products.  Crawford'  in  a  preliminary  paper  published  in 
March  1910  states  that  ''The  chief  poisonous  principle  in  certain 
cotton  seed  meals  is  a  salt  of  pyrophosphoric  acid.'*  Crawford's 
conclusion  is  based  upon  the. study  of  an  extract  obtained  by 
digesting  the  meal  at  body  temperature  one  day  with  pepsin  and 
one  day  with  pancreatin.  He  fed  with  a  catheter  extracts  of  cotton 
seed  meal,  these  extracts  corresponding  to  amounts  of  meal  very 
much  in  excess  of  those  which  would  be  fed  ordinarily.  He  made 
no  study  of  the  undissolved  residues. 

We  began  the  study  of  the  subject  in  1908  and,  since  that  time, 
have  used  many  solvents  in  our  efforts  to  extract  the  toxic  sub- 
stance. The  undissolved  residue  having  proved  toxic  in  every 
case,  we  decided  to  investigate  the  residue  undissolved  by  the  pep- 
sin-pancreatin  treatment.  We  also  tried  other  feeds  which  bear 
upon  the  question. 

The  animals  sel^ted  were  rabbits.  Our  normal  daily  feed  for 
each  animal  was  To  grams  of  cotton  seed  meal  or  an  amount  of 
some  fraction  equivalent  to  15  grams  of  meal.  As  the  rabbits 
used  averaged  about  1.5  kilos  the  daily  feed  corresponds  to  10 


*  This  paper  was  read  before  the  Biological  Chemical  Section  of  the 
American  Chemical  Society  at  the  Washington  meeting,  December,  1911 
(except  the  results  of  the  last  experiment  on  sodium  pyrophosphate). 

*  Exp.  Sta.  Record,  xxii,  p.  502,  1910. 

'  Journ.  of  Pharmacol.,  i,  p.  547,  1910. 
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Cotton  seed  meal. 

Twelve  rabbits  were  taken  whose  initial  weights  ranged  from  970 
to  2560  grams,  the  average  being  1559  grams.  All  the  animals 
died  within  from  8  to  21  days,  average,  13  days.  The  average 
loss  in  weight  was  379  grams.  The  total  amount  of  meal  con- 
sumed by  each  animal  ranged  from  105  to  225  grams,  average, 
157  grams.  The  total  amount  eaten  was  practically  100  grams 
per  kilo  of  initial  weight  of  the  animal,  making  an  average  daily 
consumption  of  meal  equivalent  to  7.7  grams  per  kilo  of  animal. 
These  figures  indicate  the  degree  of  toxicity  of  the  meal  towards 
the  animals  under  the  conditions  of  the  experiment.  There  were 
2.76  grams  of  P2O5  in  the  average  feed  or  0.21  gram  in  the  daily 
feed. 

Sodium  pyrophosphate  corresponding  to  whole  meal. 

Our  cotton  seed  meal  contained  1.76  per  cent  of  P2O5.  If  it 
were  all  in  the  form  of  pyrophosphate,  0.4157  gram  of  sodium 
pyrophosphate  containing  0.222  gram  of  P2O5  would  contain  ian 
amount  equivalent  to  12.5  grams  of  meal. 

Four  rabbits  varying  from  790  to  1550  grams,  averaging  1117 
grams,  were  fed  daily  0.4157  gram  of  Na4P207.  Each  animal 
gained  in  weight,  the  average  gain  being  243  grams.  At  the  end  of 
fifty-two  days  the  feed  was  discontinued,  all  the  animals  being 
in  good  condition.  For  each  kilo  of  animal  the  equivalent  of  the 
feed  in  cotton  seed  meal  was  a  total  of  582  grams;  daily,  11.2 
grams. 

This  feed  furnished  each  animal  daily  with  more  pyrophos- 
phoric  acid  than  the  amount  received  by  each  animal  eating  the 
raw  meal,  yet  this  feed  was  non-toxic  and  the  meal  toxic.  This 
indicates  that  pyrophosphoric  acid  is  not  the  cause  of  toxicity  in 
cotton  seed  meal. 

Our  next  step  was  to  ascertain  which  was  the  more  toxic  portion 
of  the  meal,  the  aqueous  extract,  the  pepsin-pancreatin  extract 
of  the  residue  undissolved  by  water  or  the  residue  undissolved 
after  both  of  these  treatments. 

Aqiceous  extract  of  cotton  seed' meal, 

1260  grams  of  cotton  seed  meal  were  stirred  at  room  temper- 
ature with  1050  cc.  of  water  and  10  cc.  of  chloroform  for  twenty- 
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grams  per  kilo.  The  total  P2O5  consumed  by  the  average  was 
1.96  grams,  the  average  for  a  day  being  0.11  gram  oJF  P2O6. 

It  is  thus  seen  that  the  residue  undissolved  by  the  treatment 
of  the  meal  with  water,  pepsin  and  pancreatin  solutions  is  toxic, 
but  both  of  the  extracts,  although  they  corresponded  to  almost 
three  or  four  times  as  much  meal,  were  non-toxic. 

The  total  P2O6  in  the  toxic  portion  (1.96  grams)  was  less  than 
in  either  of  the  non-toxic  fractions. 

Residue  undissolved  by  pepsin  and  pancreatin. 

Cotton  seed  meal  was  digested  as  in  our  first  experiment  with 
pepsin  and  pancreatin.  The  mass  was  filtered,  and  the  residue 
was  washed  with  water,  dried  and  ground.  10.7  grams  corre- 
sponded to  15  grams  of  meal.  Three  rabbits  were  taken,  weighing 
1860  and  2289  grams,  average,  2124  grams.  All  lost  in  weight, 
the  average  being  552  grams,  and  all  died  in  an  average  of  21 
days — ^the  range  being  from  15  to  27  days.  The  total  feed  per 
kilo  of  animal  corresponded  to  an  equivalent  of  128  grams  of 
cotton  seed  meal,  the  average  daily  feed  being  6.1  grams  per  kilo. 
There  were  in  the  total  average  feed  1.40  grams  of  PjOs,  making 
a  daily  average  of  0.07  gram. 

This  feed  resembled  the  preceding  feed  closely,  both  in  com- 
position and  results,  and  confirms  our  conclusions  that  the  most 
toxic  part  of  the  meal  is  in  the  residue  undissolved  by  pepsin  and 
pancreatin. 

We  next  prepared  a  feed  which  had  an  inappreciable  amount 
of  P2O6  and  yet  which  was  toxic.  Our  solvent  was  ammonium 
citrate  solution. 

Residue  after  citrate  extraction, 

450  grams  of  cotton  seed  meal  were  extracted  with  1500  cc.  of  a 
solution  of  anmionimn  citrate  following  the  A.  0.  A.  C.  method 
for  determining  insoluble  phosphoric  acid.  The  mass  was  filtered, 
the  residue  washed  and  dried.  7.8  grams  were  the  equivalent  of 
15  grams  of  meal. 

Five  rabbits  were  fed  on  this  mixture.  The  weights  ranged 
from  1350  to  2380  grams,  average,  1602  grams.  All  lost  in  weight, 
the  average  loss  being  438  grams.  All  died  in  from  17  to  29  days, 
the  average  being  21  days.    The  total  feed  equivalent  in  cotton 
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seed  meal  was  168  grams  and  the  daily  feed  8.0  grams  per  kib 
of  initial  live  weight. 

The  total  P2O6  consumed  by  each  was  0.60  gram,  a  daily  aver- 
age of  0.03  gram.  This  feed  was  almost  as  toxic  as  the  whole 
meal  or  the  pepsin-pancreatin  residue,  although  it  contained  but 
an  insignificant  amount  of  P2O6. 

Sodium  p^ophosphate. 

The  residue  after  ammonium  citrate  extraction  contained  a  total 
of  0.60  gram  of  PjOs  in  the  amount  consumed  in  twenty-one 
days.  If  all  the  PjOs  were  in  the  form  of  pyrophosphate  it  would 
be  the  equivalent  of  1.11  grams  of  Na4P207.  This  amount  dis- 
solved in  60  cc.  of  distilled  water  was  fed  on  January  17,  1912,  at 
one  feeding,  through  a  catheter,  to  each  of  six  rabbits,  wIh^ 
average  weight  was  1827  grams.  The  weights  ranged  from  1732 
to  2037  grams.  The  average  gain  for  each  animal  was-  three 
grams.  The  animals  did  not  seem  to  experience  any  ill  effects 
from  the  feed. 

As  the  citrate  residue,  which  proved  toxic  in  21  days,  contained 
a  total  of  0.60  gram  of  P2O6  in  the  form  of  NaiP^Oy,  and  as  this 
amount  of  P2O6  given  at  a  single  feeding  to  each  of  six  rabbits 
proved  harmless,  the  cause  of  the  toxicity  of  the  citrate  residue 
is  not  pyxophosphoric  acid. 

SUMMARY. 

Experiments  show  that  the  pepsin-pancreatin  extract  of  cOtton 
seed  meal  is  toxic  generally  to  rabbits,  when  fed  in  amounts  corre- 
sponding to  from  fifteen  to  twenty  times  the  amount  of  meal 
normally  fed,  and  that  the  pyrophosphoric  acid  corresponding  to 
this  extract  is  toxic  if  fed  similarly. 

The  pepsin-pancreatin  residue  is  more  toxic  than  the  aqueous 
or  pepsin-pancreatin  extracts  of  the  meal — ^in  fact  it  is  the  only 
one  of  the  three  fractions  which  is  toxic  under  the  conditions  of 
the  feeding. 

A  fraction  of  cotton  seed  meal  containing  a  non-toxic  amount 
of  p3T*ophosphoric  acid  may  be  toxic. 

The  results  indicate  that  pyrophosphoric  acid  is  not  the  cause 
of  toxicity  of  cotton  seed  meal. 


THE    INFLUENCE    OF    FUNCTION    ON    THE    LIME 

REQinREMENTS  OF  ANIMALS.^ 

Bt  H.  STEENBOCK  and  E.  B.  HART. 
(From  the  Laboralory  of  Agricultural  Chemistry  of  the  University  of  Wisconsin.) 

(Received  for  publication,  January  4,  1913.)    « 

A  question  which  has  bafSed  pathologists  for  a  long  time,  and 
one  which  is  not  yet  in  a  fair  way  of  solution,  is  the  cause  of  specific 
bone  diseases  known  as  rachitis,  osteoporosis  and  osteomalacia, 
diseases  which  are  all  characterized  by  an  impoverishment  of  the 
bones  in  inorganic  substances.  It  is  not  desired  to  go  into  a  dis- 
cussion of  the  etiology  of  these  pathological  conditions,  as  a 
review  of  the  literature  will  be  found  in  various  treatises,^  but  it 
is  desired  to  correlate  observations  made  in  the  study  of  these 
diseases  with  some  experiments  conducted  with  domestic  animals 
designed  to  establish  their  minimum  requirement  of  lime. 

In  regard  to  the  amount  of  lime  needed  by  ^n  organism  to 
enable  it  to  maintain  itself  in  lime  equilibrium,  we  find  no  unanimity 
of  opinion.  It  is  evident  that  the  lime  requirements  as  well  as 
the  requirements  for  other  inorganic  substances  vary  with  the 
physiological  condition  and  activities  of  the  animal.  A  growing 
animal,  a  starving  animal,  a  pregnant  animal  and  a  milk-produc- 
ing  animal,  each  has  its  specific  drains  upon  the  mineral  nutrients. 
Undoubtedly  an  immature  and  growing  animal  demands  a 
greater  supply  of  lime  in  its  ration  than  a  mature  one.  Indeed 
the  demand  for  lime  in  si  dog  has  been  found  to  stand  in  a  direct 
relation  to  the  rapidity  of  its  growth.'  All  investigators  agree 
that  with  a  growing  animal  a  rachitic  condition  of  the  bones  can 

^Published  by  permission  of  the  Director  of  the  Agricultural  Exper- 
iment Station. 

*McCrudden:  Archives  of  Internal  Mediciney  v,  p.  596,  1910;  Voit: 
ZeiUchr.f,  BioL,  xvi,  p.  55, 1880;  Aron:  Biochem.  Zeilachr,,  xii,  p.  28,  1908; 
Dibbelt:  Arbeit,  a.  d.  path,  Inst,  TUbingeny  vii,  p.  144,  1909. 

*Aron  and  Sebauer:  Biochem.  Zeitschr.y  viii,  p.  1,  1908;  Voit:  Zeitschr. 
f'  Biol.y  xvi,  p.  55, 1880. 
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In  all  bone  diseases  where  the  ammal  may  suffer  extreme  agony  for 
want  of  lime  it  has  been  observed  that  during  starvation  and  during 
periods  of  low  lime  feeding  there  is  a  continual  lime  loss,  infinites- 
imal at  times  in  the  urine  but  always  considerable  in  the  feces. 
Even  in  prenatal  life,  lime  accumulates  in  the  meconium  to  a 
very  considerable  extent."  Why,  in  all  these  cases,  the  lime  is 
not  reabsorbed  and  re-utilized  by  the  cells  which  demand  it,  is 
problematical  as,  theoretically,  there  is  evident  no  chemical  reason 
why  the  lime  should  not  be  available.  It  cannot  be  merely  a  ques- 
tion of  solubility  and  that  certain  insoluble  and  therefore  imavail- 
able  compounds  are  formed;  in  a  salt  solution,  such  as  the  body 
fluids,  there  is  a  continual  redistribution  in  the  combinations 
between  acid  and  base  radicals  with  the  removal  of  any  one  com- 
ponent. It  seems  far  more  plausible  to  look  upon  this  excretion 
of  (imavailable?)  salts  as  imposed  on  the  animal  by  physical  and 
phjrsiological  processes.  Every  cell,  in  the  selection  of  its  nutri- 
ents from  a  solution,  has  to  perform  a  certain  amount  of  work  to 
overcome  purely  physical  factors  of  solution  and  osmosis.  Before 
this  selection  to  the  extent  of  the  exhaustion  of  the  desired  ele- 
ment has  taken  place,  the  source  of  supply  may  have  been  removed 
and  an  excretion  is  observed  imder  conditions  of  actual  want. 
Specifically,  the  authors  are  inclined  to  concur  with  Dibbelt^^  in 
his  idea  that  the  lime  excreted  in  the  feces  even  during  rachitis 
has  as  its  source  normal  secretions  of  the  intestinal  tract.  Due  to 
abnormalities  in  absorptive  processes  this  lime  is  not  reabsorbed 
to  the  usual  extent  and  consequently  makes  its  api>earance  in  the 
feces.  In  support  of  this  point  of  view  we  have  the  numerous 
observations  that  rachitis  is  usually  preceded  by  visible  digestive 
disturbances.  Voit^*  evidently  was  of  a  similar  opinion  as  he 
said,  "It  is  evident  that  the  body  is  offered  too  small  an  amount 
of  lime,  not  only  in  the  case  of  an  insufficiency  of  lime  in  the 
ration,  but  also  when  too  small  an  amount  of  the  ingested  lime 
is  absorbed  through  any  cause  as,  for  example,  digestive  disturb- 
ances or  diarrhoea  or  defective  assimilation  from  excessive  f eces- 
yielding  nutrients."  How  digestive  disturbances  in  themselves 
can  call  forth  the  excretion  of  lime  into  the  intestine  is  not  evident. 

"Miiller:  Zeitschr,/.  BioL,  xx,  p.  327,  1887. 
»*Dibbelt:  Habilitationschrift,  Tubingen,  1908. 
»« Voit:  Zeitschr,  f.  BioL,  xvi,  p.  117,  1880. 
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It  seems  far  more  probable  that  it  merely  inhibits  absorptive  pro* 
cesses.  That,  under  certain  conditions,  exc^sive  secretioxi  o( 
lime  into  the  intestine  cannot  take  place  is  not  maintained  as 
it  is  known  that  there  is  an  actual  secretion  or  excretion  by  this 
channel  of  numerous  substances  introduced  into  the  animal  body.^^ 
The  idea  that  the  intestine  may  in  certain  respects  function  as 
a  kidney  is  not  a  new  one,"  but  substances,  foreign  or  native  to 
the  body,  introduced  in  excessive  amounts  are  not  to  be  compared 
in  their  method  of  elimination  with  normally  occurring  processes. 
Indeed,  Mendel  and  Benedict^'  found  that  the  injection  of  calcium 
salts  was  not  always  accompanied  by  increased  calcium  in  the 
feces. 

With  domestic  farm  animals  feeding  on  plant  materials,  it  can 
readily  be  seen  how  the  bulky  digestive  residues  originating  from 
these  may  hinder  efficient  absorption  of  secreted,  lime-containiog 
digestive  juices.  In  this  manner  a  feeding  stuff  high  in  indigesti- 
ble material  may  require  a  higher  initial  lime  content  to  enable  it 
to  maintain  a  positive  lime  balance  for  the  animal  than  one  com- 
posed of  largely  digestible  materials.  Again,  the  investigator  is 
handicapped  by  lack  of  information  on  the  form  in  which  our 
inorganic  materials  are  found  in  plant  tissues.  With  oat  straw,^ 
all  the  lime  has  been  found  soluble  in  ^  HCl,  which  gives  us  aa 
idea,  of  its  solubility  in  the  gastric  secretion.  Of  its  absorbability 
we  cannot  venture  any  statements.  There  are  too  many  unknom^ 
factors  which  may  influence  the  absorptioii  of  lime,  of  which  the. 
rdle  of  the  various  forms  of  silica  in  plant  tissues  may  not  be  the 
least  important. 

Experimental. 

In  view  of  the  fact  that  no  metabolism  experiments  have  ev& 
been  conducted  to  determine  the  minimum  lime  requirements  of 
farm  animals  as  determined  by  intestinal  excretion,  it  was  con- 
sidered desirable  to  secure  such  data  with  the  pig  and  goat.  The 
pig,  above  all  animals,  is  most  liable  to  be  subject  to  an  insufficienor 
of  lime  in  the  ration. 

*^  Mendel:  Amer.  Journ.  of  Physiol, ^  xi,  p.  5,  1904.* 

»»  Liebig:  Chem.  Brief e,  1845,  pp.  303-4. 

*•  Mendel  and  Benedict:  Amer,  Journ,  of  Physiol,,  xxv,  p.  23, 1909. 

**  Unpublished  data. 
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Experiment  I.  To  secure  these  data  a  75-pound  pig  was  fed 
a  ration  initially  very  low  in  lime,  but  to  which  calcium  phosphate 
was  added  in  successively  increasing  amounts.  Records  of  lime 
excretion  were  kept  quantitatively  for  seven-day  periods  on  a 
maximum  consumption  of  the  ration. 

Composition  of  ration:  1.8  pounds  of  rice,  0.2  pound  of  com 
meal,  0.12  pound  of  wheat  gluten. 

The  pig  had  previously  been  fed  on  the  standard  University 
ration,  consisting  of  30  parts  com,  30  parts  oats,  30  parts  middlings 
and  10  parts  oil  meal.  On  November  6  the  ration  was  changed. 
Owing  to  the  digestible  character  of  the  feed  but  little 'feces  were 
excreted  for  a  few  days,  which  was  mistaken  for  constipation.  To 
reme<^  this  12  grams  of  MgS047H20  were  added  to  the  feed  on 
Nqv(Bmber  12,  and  15  grams,  on  November  13.  On  November  18 
the  first  daily  collection  was  made. 

Thoygh  the  intake  of  lime  in  the  low-lime  period  was  as  low 
as  was  possible  to  secure,  when  supplying  the  necessary  energy 
and  nitrogen  intake  on  unextracted  plant  materials,  there  was 
always  ol^served  a  positive  balance.  In  period  V  a  negative  bal- 
ai^ce  appears  to  have  prevailed,  due  merely  to  the  carrying  over 
in  tljse  gut  of  unexcreted  lime  from  the  preceding  period.    As  has 

TABLE  I. 
Record  of  lime  balance.    Daily  averages  in  grams. 


CaOin 

FEED  AND 
WATBH 


I.  Low    lime  ration.    No    addi- 

tions.   Nov.  18-Nov.  24 0 .  245 

II.  Low  lime  ration  +  2  grams 

Cat  (PO4) J  Nov.  25-Dec.  1...     0 . 89? 
in.  Low  lime   ration  4-  4  grams 

Cat  (PO#)i  Dec.  2-Dec.  8. . . .  |    1 .673 

IV,  Low   lime  ration  +  8  grams 

Cai  (POih.  Distilled  water. 

Dec.  9-Dec.  15 2.916 

V.  Low    lime    ration.    Distilled 

water.    No  additions.    Dec.  t 

16-Dec.  20 0.203 

Vl.j  Low    lime    ration.    Distilled  ! 
water.    No  additions.    Dec. 
21-Dec.  29 1    0.203 


CaOin 

FECEa 


0.208 


0.207 


CaOin 

URINE 


0.012 


CaO 

retain  ed 


+0.025 


0.016    I  +0.674 


0.347    '    0.013 


0.688    t    0.023 


0.708        0.013 


0.091     !    0.010 


+1.313 


+2.205 


-0.518 


+0.102 
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TABLE  III. 


lAme  balance.    Daily  averages  in  grams.     (Low  lime  ration  fed,  beginning 

December  2.) 


CaO 

mPBED 


CaO 

INrSCKS 


December  11-24 i    0.597        0.666 


CaO 

IN  URINE 


0.052 


CaO 
rbtainxd 


-0.121 


Here  in  two  specific  cases  the  level  of  lime  intake  was  brought 
below  the  amount  necessary  to  obtain  lime  equilibrium.  Of  the 
specific  forces  which  brought  about  these  losses,  both  through 
the  kidney  and  through  the  gut,  nothing  can -be  said  at  present. 
Whatever  they  are,  they  are  as  persistent  in  the  pig  as  in  other 
animals,  which  becomes  evident  when  the  intake  is  sufficiently 
reduced.  From  the  data  secured,  a  daily  intake  of  0.3  gram  of 
CaO  per  100  pounds  body  weight  would  cover  these  losses  under 
the  above  conditions.  What  the  requirements  would  be  for  more 
indigestible  rations  or  for  rations  with  a  different  accompanjang 
salt  content  cannot  be  definitely  stated. 

THE  FACTOft  OP  MILK  PRODUCTION  IN  DETERMINING  THE  MINIMUM 
LIME  REQUIREMENTS  OF  AN  ANIMAL  FOR  ITS  MAINTENANCE. 

In  considering  the  influence  of  function  upon  lime  metabolism 
not  the  least  interesting  and  important  is  the  factor  of  milk 
production.  In  a  previous  publication,^  as  well  as  in  subsequent 
verifications  of  these  data,^  it  has  been  shown  that  wth  milk-pro- 
ducing animals,  on  certain  rations,  a  very  pronounced  negative 
lime  balance  may  be  prevailing  over  extended  periods  of  time. 
This,  in  its  intensity,  may  assume  much  importance  and  neces- 
sitates further  consideration  of  the  principles  imderlying  lime 
metabolism.  In  this  problem  consideration  should  be  given  to 
the  relative  efficiency  of  absorption  of  the  mineral  elements,  the 
variations  in  the  occurrence  in  the  urine  of  various  acids  and 
bases  and  the  interrelations  prevailing  among  elements  in  their 
physiological  capacities  during  and  after  lactation.  All  of 
these  are  of   fundamental   significance.    It   is   hoped   in  some 

measure  to  throw  further  light  on  these  relations  in  this  article  by 

* 

"Hart,   McCollum   and   Humphrey:  Wisconsin   Experiment   Station, 
Research  Bulletin  5,  1909. 

"Fingerling:  Landw.  Versuchsstat.,  Ixxv,  p.  1,  1911. 
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a  reconsideration  of  previous  data  as  well  as  by  the  presentation 
of  new  observations. 

In  regard  to  the  interrelations  prevailing  among  mineral  ele- 
ments in  metabolism  during  lactation,  data  from  this  station,  as 
well  as  those  published  by  Rose,^  give  us  some  very  interesting 
material.  On  a  low  phosphorus  intake,  with  a  heavy  milk  pro- 
duction, there  invariably  was  observed  the  simultaneous  occurrence 
of  a  large  increase  in  the  lime  excreted  in  the  urine  over  that  of  a 
previous  period  with  a  high  phosphorus  intake.  A  high  urinary 
excretion  of  lime  UAder  conditions  of  actual  want  has  never  been 
previously  observed  except  imder  conditions  of  prevailing  acidosis 
where  naturally  an  excessive  demand  is  made  upon  the  bases  to 
maintain  the  neutrality  of  the  tissues. 

Acidosis  as  the  cause  of  this  high  lime  excretion  is  out  of  the 
question  as  the  urine  was  always  foimd  distinctly  alkaline  in  reac- 
tion. Here  the  high  output  of  lime  in  the  urine  is  to  be  consid- 
ered as  the  direct  result  of  an  insufficient  phosphorus  assimilation 
at  a  time  when  the  demand  for  this  substance  was  augmented  by 
milk  secretion.  As  often  observed  in  other  connections,  in  an 
attempt  to  maintain  the  secretion  of  the  mammary  gland  normal, 
the  demands  of  the  gland  take  precedence  over  the  nutritive 
requirements  of  the  body.  Here,  as  a  specific  case  in  mineral 
metabpljsm,  we  have  the  mammary  gland  removing  phosphorus 
from  the  body  tissues  in  an  endeavor  to  maintain  its  secretion 
normal  in  amount  as  well  as  in  composition.  This  much  our 
data  show.  As  to  the  source  of  the  phosphorus  withdrawn  we 
can  merely  speculate.  A  prioriy  we  are  led  to  believe  that  it 
was  derived  from  skeletal  tissues.  In  bone  there  is  1.72  times 
as  much  lime  as  in  milk,  in  proportion  to  their  phosphorus  pent- 
oxide  content.  Naturally,  then,  with  the  utilization  of  phosphorus 
from  the  skeleton  for  milk  production,  an  excess  of  lime  would  be 
liberated  and  recovered  in  the  excreta,  which  is  exactly  what  was 
observed.  Apparently  all  the  excess  of  lime  liberated  made  its 
appearance  in  the  urine.  If  under  any  conditions  the  walls  of 
the  intestine  function  as  an  excretory  organ  for  lime  it  is  not  evident 
in  this  connection.  With  the  urine  and  also  ver>'  probably  the 
blood  heavily  laden  with  lime,  we  would  certainly  have  reason 

"  Rose:  N.  Y.  (Geneva)  Exp.  Station,  Technical  Bulletin  20,  1912. 
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to  expect  an  increased  excretion  with  the  feces;  but  the  amounts 
of  lime  in  the  feces  do  not  show  any  consistent  relation  to  the 
increased  lime  output  in  the  urine.  In  summarizing  the  princi- 
ples enunciated  it  may  be  briefly  said  that  an  inorganic  substance 
such  as  lime  may  be  excreted  in  increased  amounts  when  in  the 
excessive  metabolism  of  another  element  it  becomes  a  real  waste 
product  of  metabolism. 

To  accimiulate  more  data  on  the  absorption  and  excretion  of 
lime  on  different  rations  and  with  the  animal  serving  different 
functions,  a  new  series  of  experiments  was  carried  out  using  the 
goat  as  the  experimental  animal.  This  made  it  possible  to  make 
all  collections  of  excreta  with  the  metabolism  cage  previously 
used  in  studying  the  lime  nutrition  qf  the  pig. 

Plan  of  the  experiment.  The  goat  was  confined  in  the  metabol- 
ism cage  throughout  the  experimental  period  in  connection  with 
a  study  of  creatinine  metabolism  during  and  after  lactation.  This 
necessitated  the  inclusion  of  some  periods  not  immediately  ger- 
mane to  the  subject  under  consideration.  The  different  rations 
enumerated  were  fed  in  succession  and  quantitative  collections 
of  the*  excreta  made  daily.  Analyses  of  the  excreta  for  lime  were 
made  in  each  period,  when  possible,  only  after  a  suitable  lapse 
of  time — ^usually  five  days — since  feeding  the  preceding  ration. 
Nitrogen  determinations  on  the  milk  as  well  as  on  the  .excreta 
were  made  daily  beginning  April  17  and  continued  throughout 
the  experiment. 

A  goat  in  full  milk  flow,  producing  about  two  quarts  of  milk 
daily  on  a  com,  oat  and  clover  ration,  was  selected  as  a  suitable 
animal.  Her  quiet  and  tractable  nature  made  her  especially  able 
to  endure  the  long  confinement  in  the  metaboUsm  cage,  with  little 
iaconvenience  and  that  shown  only  toward  the  close  of  the  period. 
But  in  spite  of  the  prevailing  opinion  that  a  goat  has  no  epicurean 
tendencies  it  was  foimd  impossible  to  obtain  a  consumption  of 
the  ration  of  bran,  rice,  wheat  gluten  and  oat  straw  on  which  the 
cow,  previously  referred  to,  had  been  fed.  Though  for  various 
reasons  it  was  highly  desirable  to  duplicate  the  ration  as  nearly  as 
possible,  a  considerable  reduction  in  the  amount  of  bran  and  the 
addition  of  some  com  was  found  necessary  to  secure  consumption. 

The  periods  involve  two  phases  of  experimentation.  The  first 
two  are  records  of  the  animal  in  full  milk.    In  period  III  the  milk 
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TABLE  IV. 
Record  of  lime  balance  in  the  several  periods  and  daily  averages . 


CaO 

TOTAL     DC  mX- 
IKTAKM,    CBXTA 


I.  April    11- 
May  10. . . 
n.  May  11-17 
in.  May  1^ 

23 

V.  June  17-28. 

VI.  July  7-29. 1  0.55 
Vm.  August    ! 

24-Scpt.  5....'  0.60 


CaO 


I  ,   CaO 

CaO     nr  bx- 


1 
1 


10 

48 


t 


1.98  I  1.45 
2  66  !  2  52 
0  61  '  1  54 


+0.15 
+0.50 

+0  53 
+0.14 
-0  93 


2.97 


AHD 


CaO 


407 


2.74  '  4.22 


1  71 
0  13 
003 


3.16 
2.65 
1.57 


frCMM 

-2.82 
-2.15 

-1.10 
+0  01 
-0  96 


0.42       +0.24     0.00     0  42       +0  24 


*  Lime  In  caereta,  m  tabobUad.  docs  not  Incliide  the  orliMuy  ezeretloa.    This  Tartod  from 
to  a  maxlraiim  of  OM  cram  In  yery  eseeptkuia]  caaes.    Data  on  this  were  aeenmolated 


only  for  a  total  of  about  eeren  days  In  eaeh  peiiod  and  were  jodged  tnatcnlfio^nt  In  the  above 
No  tendenwlee  to  vary  the  ortiiary  excretion  In  either  direction  by  any  of  the 

TABLET. 
Nitrogen  balances. 


N 
m  raao 


N 

OCTOO  TOTAL 


N 

BALA!CCC 


I.  April  20-April  26 126.07 

April  27-May  3 135  71 

May4-MaylO 135  71 

II.  May  11-May  17 142  50 

in.  May  18-May  24 86  15 

V.  June  15-June  21 19  38 

June  22-June  23 20  35 

VI.   July6-Julyl2 77  55 

July  13-July  19 69  13 

July  20-July  26 67.85 


127  36 

131  68 

130.66 

133  55 

93  96 

36  64 

28  55 

68.65 

61.69 

65  65 


-  1.29 
+  4  03 
+  4  05 
+  8.95 

-  7.81 
-17  27 

-  8.29 
+  8  90 
+  7.44 
+  2  20 


Discussion.  Period  I.  We  have  here  a  verification  of  results 
obtained  with  the  cow:  namely,  milk  production  on  a  low  lime 
ration  results  in  a  pronounced  negative  lime  balance.  Here  also 
we  have  again  the  appearance  of  a  large  amoimt  of  fecal  lime, 
the  origin  of  which  is  not  evident.  A  slight  excess  of  lime  intake 
over  that  excreted  is  observed,  which  for  the  sake  of  convenience 
is  designated  "lime  absorbed."  The  table  on  nitrogen  balance 
shows  an  actual  retention  in  spite  of  the  large  milk  secretion.    The 
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absorption  of  nitrogen  and  lime  as  indicated  by  the  fecal  exo^dioa 
do  not  parallel.  Apparently  they  are  separate  and  distinci 
functions. 

Period  II.  Essentially  this  is  a  continuation  in  results  of  the 
data  in  period  I.  The  increased  amount  of  straw  in  the  ratiim, 
in  spite  of  the  assumed  tendency  for  it  to  depress  the  reabsorptkm 
of  lime  containing  secretions  by  the  increase  in  fecal  bulk,  has 
actually  increased  the  absorption  of  lime.  Other  factors  must  have 
come  into  play.  These  data  are  somewhat  invalidated  by  the 
briefness  of  the  period  of  observation,  with  the  omission  of  the 
usual  interval  between  periods.  The  fecal  lime,  however,  was 
relatively  constant  in  amoimt  throughout  this  period,  which  would 
not  have  obtained  if  such  factors  had  influenced  the  character 
of  the  data.  It  seems  safe  to  conclude  that  the  lime  from  oat 
straw  was  available  to  the  goat. 

Period  III.  This  period  marks  the  beginning  of  a  reduction 
in  the  amount  of  protein  fed,  in  an  attempt  to  reduce  the  milk 
production  for  the  later  periods  of  observation.  The  utilizatioii 
of  lime  and  its  balance  does  not  show  any  new  characteristics. 

Period  IV.  Here  we  have  a  still  further  reduction  in  the  pro- 
tein ingestion,  but  as  no  analyses  for  lime  were  made  this  period 
need  not  occupy  our  attention. 

Period  V.  To  get  a  clearer  insight  into  the  availability  of 
lime  from  straw  this  period  ought  to  offer  very  satisfactory  data, 
as  the  ration  consisted  exclusively  of  oat  straw.  We  observe, 
however,  but  a  very  small  utilization  of  the  lime.  The  animal 
is  only  saved  from  a  continuation  of  the  impoverishment  of  its 
tissues  in  lime  by  the  reduction  in  the  milk  flow.  Upon  compari- 
son of  the  lime  retention  with  the  N  retention  one  would  say  that 
here  is  to  be  found  the  explanation  for  the  small  positive  lime 
balance  observed.  With  a  pronounced  deficit  in  nitrogen,  bone 
tissue  could  not  be  built  up,  consequently  there  was  not  any  imme- 
diate demand  for  lime,  in  spite  of  the  previous  depletion. 

Period  VI.  In  continuation  of  this  line  of  reasoning  one  would, 
in  view  of  the  generous  N  retention,  expect  a  corresponding  lime 
retention.  The  animal  had  been  depleted  in  lime  as  well  as  nitro- 
gen and  now  with  the  first  opportunity  a  restoration  of  these  ele- 
ments would  be  expected.  For  nitrogen,  this  occurred,  though 
the  animal,  already  weighing  scarcely  68  pounds,  11  ounces,  con- 
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tinued  to  lose  in  weight  until  at  the  close  of  this  period  she  weighed 
but  63  pounds.  For  lime  there  was  a  steady  and  consistent  neg- 
ative balance  day  after  day  with  no  indications  of  a  change.  The 
urinary  lime  excretion  was  not  increased.  Physical  symptoms  of 
osteomalacia  were  not  observed  although  the  animal  showed  a 
slight  stififness  m  the  hind  quarters,  which  was  not  surprising 
after  such  close  confinement  in  a  metabolism  cage  for  a  period 
of  three  months. 

The  feces  were  hard  and  dry  and  small  in  bulk;  a  slight  failing 
in  the  appetite  as  well  as  a  slight  unresponsiveness  to  call  or 
change  in  its  environment  began  to  be  apparent.  No  definite 
results  could  be  expected  by  longer  continued  observation  under 
these  conditions. 

Period  VII.  On  a  ration  of  June  grass  and  oats  recovery  si>eed- 
ily  followed.  In  the  course  of  two  weeks  with  a  gain  in  weight 
of  4  poimds  all  symptoms  indicative  of  approaching  collapse  were 
dispelled.  On  the  supposition  that  the  change  in  physiological 
condition  might  influence  her  lime  metabolism  additional  data 
were  collected. 

Period  VIII.  In  view  of  the  fact  that  no  reliable  results  on 
the  retention  of  nitrogen  can  be  obtained  over  a  short  isolated 
period,  no  record  of  the  nitrogen  balance  was  kept.  All  indica- 
tions were  that  the  animal  was  in  a  good  nutritive  condition.  Her 
eyes  were  bright,  her  senses  acute  and  she  showed  a  uniform  gain 
in  weight  of  2  pounds  during  the  period.  Regular  consmnption 
of  the  ration  was  secured,  and  the  feces  were  again  of  a  normal  con-, 
sistency;  as  the  table  shows,  a  retention  of  lime  now  took  place 
as  a  direct  result  of  the  accompanying  change  in  the  condition 
of  the  animal.  This  transformation  is  truly  remarkable  and  from 
the  standpoint  of  mineral  metabolism  stands  unparalleled  in  the 
experimental  field.  From  a  nutritive  condition  which  would  ulti- 
mately have  led  to  the  occurrence  of  physical  symptoms  of  osteo- 
malacia, there  was  brought  about  a  complete  restoration  to  the 
nonnal  by  a  temporary  change  in  the  ration.  That  the  change 
of  intake  of  lime  was  responsible  for  this  transformation  is  out 
of  the  question,  as  the  former  ration,  for  maintenance,  left  little 
to  be  desired  from  the  inorganic  standpoint.  Some  subtle  change 
*m  the  trend  of  metabolism  was  instituted  by  the  temporary  var- 
iation in  feed  intake,  as  well  as  environment,  which  now  enabled 
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the  animal  to  assimilate  lime,  formerly  unavailable.  From  this 
point  of  view  osteomalacia  is  not  to  be  considered  primarilj  « 
physiological  disturbance  brought  about  by  the  imavailability  of 
lime  in  the  source  of  supply,  but  rather  the  result  of  ineflBqeni 
absorption  of  lime  from  the  gut  due  to  a  complication  of  numerooB 
factors.  What  these  are  we  cannot  venture  to  say.  There  wai 
not  a  cessation  of  all  absorptive  processes  in  the  intestine  since 
in  period  VI  we  noted  a  generous  utilization  of  the  nitrogen  tnjm 
the  ration  in  spite  of  the  excessive  loss  of  lime.  An  independence 
of  specific  assimilative  functions  could  not  possibly  be  more  posi- 
tive than  in  this  connection.  It  is  either  a  peculiar  coincidence 
or  else  an  important  observation  that  with  a  pig  in  an  experiment 
previously  reported**  a  slight  negative  lime  balance  was  likewise 
observed  simultaneous  with  the  excretion  of  hard  and  dry  feces. 

CONCLUSIONS. 

1.  The  level  of  lime  intake  necessary  for  maintenance  is  depend- 
ent  upon  the  functional  activity  of  various  organs  of  the  body. 
A  daily  intake  of  about  0.3  gram  of  CaO  per  100  pounds  body 
weight  covered  the  metabolism  losses  of  a  mature  barren  pig. 
From  0.4  to  0.5  gram  of  CaO  per  100  pounds  body  weight  covered 
the  metabolism  loss  of  a  mature  dry  goat.  The  figures  are  not 
absolute  and  general,  but  will  vary  with  the  character  of  the 
ration. 

,  2.  The  mammary  gland  during  its  activity  constitutes  a  severe 
drain  upon  the  skeletal  lime  supply  during  periods  of  insufficient 
lime  assimilation.  During  periods  of  insufficient  phosphorus  assim- 
ilation, it  indirectly  causes  a  waste  of  lime  from  the  skeleton. 

3.  An  allowance  of  1  gram  of  lime  in  the  ration  per  pound  (rf 
milk  produced  by  a  goat  or  cow  should  theoretically  be  ample. 
This,  of  course,  is  in  addition  to  the  maintenance  requirement. 
But  at  least  twice  the  above  amount  would  be  safer,  due  to  the 
large  losses  of  lime  in  the  intestine  accompanying  increased  food 
consumption. 

4.  The  walls  of  the  intestine  with  their  normal  secretions  may 
cause  the  loss  of  a  sufficient  amount  of  lime  to  appreciably  lower 
its  "coefficient  of  digestibility^*  during  periods  of  sufficient  lime 

"  Research  Bulletin  30,  Wisconsin  Experiment  Station. 


H.  Steenbock  and  E.  B.  Hart  73 

ingestion.  When  such  conditions  are  complicated  by  physiological 
disturbances  a  large  negative  balance  of  lime  over  an  extended 
period  of  time  may  result. 

5.  Under  normal  conditions  with  a  low  lime  ingestion  the  usual 
intestinal  losses  may  in  themselves  be  the  cause  of  a  negative 
lime  balance. 

6.  Intestinal  and  urinary  losses  of  lime  do  not  parallel.  With 
very  heavy  intestinal  losses  the  urinary  excretion  may  remain 
unchanged. 

7.  A  liberal  assimilation  of  nitrogen  does  not  necessarily  imply 
an  assimilation  of  lime  even  when  the  animal's  supply  of  lime 
is  considerably  depleted.  These  are  separate  and  distinct  func- 
tions of  the  alimentary  tract. 

8.  A  perverted  lime  metabolism  which  ultimately  would  end 
in  an  extreme  impoverishment  of  the  skeleton  in  lime  may  be 
merely  the  result  of  other  physiological  disturbances. 
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By  E.  B.  hart  and  H.  STEENBOCK. 

(From  the  Laboratory  of  AgrictUtural  Chemistry  of  the  University  of 

Wisconsin.) 

(Received  for  publication,  January  4,  1913.) 

The  experiment  to  be  described  in  this  paper  relates  to  the 
influence  which  the  addition  of  magnesium  salts  and  of  magnesium 
salts  plus  phosphates  to  the  diet  may  exert  upon  calcium  metabo- 
lism. They  may  also  be  interpreted  as  throwing  some  light  upon 
the  general  problem  of  the  mutual  relationships  which  exist  among 
the  mineral  constituents  of  the  diet,  considered  from  the  stand- 
point of  animal  nutrition. 

Many  experiments  are  on  record  which  indicate  the  existence 
of  important  biological  relationships  between  calcium  and  mag- 
nesium. For  example,  Loew*  showed  that  magnesium  could  serve 
in  the  nutrition  of  plants  only  in  the  presence  of  calcium  salts. 
Loeb*  foimd  the  contractile  reaction  in  jellyfish  induced  by  mag- 
nesium to  be  inhibited  by  calcium.  Meltzer  and  Auer^  proved 
that  the  effects  of  calcium  on  muscle  and  nerve  in  rabbits  could 
be  reversed  by  the  injection  of  magnesium  salts.  In  dogs,  Mendel 
and  Benedict^  observed  that  the  injection  of  calcium  salts  was 
followed  by  increased  eUmination  of  magnesium  in  the  urine: 
similarly  injection  of  a  magnesium  salt  increased  the  urinary  out- 
put of  calcium.    Malcolm®  published  evidence  tending  to  show 

*  Published  by  permission  of  the  Director  of  the  Agricultural  Experiment 
Station. 

*  Loew:  U.  S.  Dept.  of  Agric,  Div.  Veg.  Path,  and  Physiol.,  Bulletin  18. 

*  Loeb:  this  Journal,  i,  p.  427,  1905-06. 

^Meltaer  and  Auer:  Amer.  Journ.  of  Physiol.,  xxi,  p.  400,  1908. 

*  Mendel  and  Benedict:  Amer.  Journ.  of  Physiol.,  xxv,  p.  1,  1909. 

*  Malcolm : /owrn.  of  Physiol.,  xxxii,  p.  183,  1905. 
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that  ingestion  of  magnesium  salts  may  cause  a  loss  of  calcium 
from  adult  animals  and  may  hinder  its  deposition  in  the  young. 
Forbes/  basing  his  considerations  upon  these  data,  is  inclined  to 
believe  that  the  cause  of  "bran  disease,"  "shorts  disease"  and 
"millers  horse  rickets"  is  to  be  found  in  an  excessive  proportion 
of  magnesium  to  calcium  in  bran  and  shorts. 

Similarly,  the  influence  of  phosphates  in  the  diet  upon  calcium 
metabolism  is  indicated  in  the  work  of  Ingle*  who  attributed  the 
cause  of  a  bone  disease,  manifested  chiefly  by  impoverishment 
of  the  skeleton  in  ash,  to  a  disproportionate  content  of  lime  and 
phosphorus  pentoxide  in  the  feeding  stuff.  Dibbelt*  observed  the 
loss  of  12.7  grams  of  lime  in  the  feces  alone  from  the  body  of  a 
>  small  dog  when  5  grams  of  Na2HP04  were  added  daily  to  its 
meat  and  fat  diet.  Bertram,^®  working  with  a  goat,  likewise  ob- 
served loss  of  lime  from  the  body  when  NagHPCX  was  added  to 
its  ration. 

In  order  to  obtain  data  bearing  upon  Forbes'  hjrpothesis  men- 
tioned above  as  well  as  to  gain  further  information  concerning 
the  influence  of  variation  in  the  mineral  content  of  the  ration 
upon  calcium  excretion,  the  following  experiment  was  carried  out. 

The  subject  of  the  experiment  was  a  pig,  weighing  at  the  be- 
ginning of  the  experiment  166  pounds,  at  the  end,  156  pounds. 
Quantitative  collection  of  excreta  was  made  possible  by  confine- 
ment in  a  metabolism  cage  previously  described  by  McCollum 
and  Steenbock."  The  bran  ration  fed  throughout  the  experi- 
ment consisted  of  corn,  1.3  pounds;  wheat  bran,  2.4  pounds; 
oatmeal,  0.3  pound;  and  contained  0.134  per  cent  CaO;  0.820 
per  cent  MgO;  2.924  per  cent  P20i.  Of  this  ration  1  pound 
11  ounces  was  consimied  daily. 

Although  the  proportion  of  MgO  to  CaO  in  the  ration  was 
high,  it  seemed  advisable  to  accentuate  the  probable  effect  of  the 

'  Forbes :  Ohio  Experiment  Station  Bulletin  213, 1909. 

•  Ingle:  Journ.  of  Agric.  Science,  iii,  1908;  Journ.  of  Comp,  Path,  and 
Ther.,  xxi,  xxii,  1907-08. 

•  Dibbelt:  Arbeit  a,  d.  Oeb.  d.  path,  anal,  Inst.  Tubingen,  vii,  p.  659,  1911. 
"  Bertram:  Zeiiachr.  f.  BioL,  xiv,  p.  340,  1878. 

"McCollum  and  Steenbock:  Research  Bulletin  21,  Wisconsin  Experi- 
ment Station. 
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magnesium  in  one  part  of  the  experiment  by  adding  magnesiimi 
as  the  chloride;  in  another,  magnesium  was  added  as  the  sul- 
phate. Later,  in  view  of  the  depressing  influence  which  phos- 
phoric acid  exerts  upon  the  solubility  of  calciimi  and  magnesium 
salts,  a  period  was  included  in  which  the  bran  ration  was  supple- 
mented by  the  addition  of  both  magnesiimi  salts  and  a  soluble 
phosphate.  Potassium  phosphate  was  used  in  amount  sufficient 
to  combine  with  all  the  magnesium  salts  added  to  form  tertiary 
magnesium  phosphates. 


Record  of  Calcium  Excretion. 


DATS 


CbO 
in  bation 


^rawM 


CaO 
IN  rxcKS 


^rowM 


CaO 

IN  UBINB 


QTWM 


CaO 


IN  BXCBSTA    BBTAINBD 


q^awM 


CaO 


January. 


Bran  ration  only. 


January. 


Bran  ration  +  ^-08  grams  of  MgO  as  MgCls. 


grams 


14 

1.67 

1.64 

0.010 

1.650 

15 

1.67 

1.47 

0.059 

1.529 

16 

1.67 

1.49 

0.000 

1.490 

17 

1.67 

1.37 

0.000 

1.370 

18 

1.67 

1.40 

0.030 

1.430 
7.469 

8.35 

7.37 

0.099 

+0.881 

Daily  averase 

1.67 

1.47 

0.019 

1.490 

-hO  170 

19 

1.67 

1.38 

0.155 

1.535 

20     • 

1.67 

1.41 

0.276 

1.686 

21 

1.67 

1.42 

0.221 

1.641 

22 

1.67 

1.56 

0.269 

1.829 

23 

1.67 

1.39 

0.278 

1.668 

24 

1.67 

1.24 

0.262 

1.502 

25 

1.67 

1.49 

0.229 

1.719 

26 

1.67 

1.69 

0.258 

1.948 

27 

1.67 

1.44 

0.305 

1.745 

28 

1.67 

1.51 

0.342 

1.852 

29 

1.67 

1.20 

0.292 

1.492 

30 

1.67 

1.70 

0.253 

1.953 

31 

1.67 

1.13 

0.067 

1.197 

21.71 

18.56 

3.207 

21.767 

-0.057 

l^aily  averase 

1.67 

1.42 

0.246 

1.673 

-0.003 
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Rbcord  op  Calcium  E^ccrbtiox — Continued. 


DATE 


CaO 

IN  BATION 


CaO 

IN  FECES 


fframg      \      grams 


CaO 

IN  VRINB 


iframt 


CkO      I     CaO 

IN  BZCBXTJM  tnUX*D 


QTmnt 


fmts 


February. 


Bran  ration  only. 


1 
2 
3 
4 
5 
6 
7 
8 
9 


Daily  average. 


1.67 
1.67 
1.67 
1.67 
1.67 
1.67 
1.67 
1.67 
1.67 

15.03 
1.67 


1.21 

1  75 

1.09 

1.33 

1.40 

1.52 

1.52 

1.52 

1.27 

12.61 

1.40 

0.188 
0.091 
0.063 
0.045 
0.061 
0.085 
0  065 
0.088 
0.089 

0.775 
0.086 


13.385 
1.487 


February.  Bran  ration  +  6.08  grams  of  MgO  as  MgS04. 


10 
11 
12 
13 
14 
15 
16 


Daily  average. 


1.67 
1.67 
1.67 
1.67 
1.67 
1.67 
1.67 


11.69 
1.67 


1.35 
1.42 
1.35 
2.03 
1.58 
1  34 
1.22 


0.291 
0.093 
0.406 
0.720 
0.371 
0.299 
0.341 


10.73 
1  47 


2.521 
0.360 


1.641 
1.513 
1.756 
2.750 
1.951 
1.639 
1.561 


12.811 
1.830 


-1.121 
-0  160 


Bran  ration  +  6.08  grants  of  MgO  as  MgSO*  +  K,HP04  to  formUgt  (POOi- 


17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 


Daily  average  of  last  nine 
days 


1.67 
1.67 
1.67 
1.67 
1.67 
1.67 
1.67 
1.67 
1.67 
1.67 
1.67 

18.37 
1.67 


1.66 
1  34 
1.67 
1.44 
1.83 
1.50 
1.65 
1.35 
1.26 
1.53 
1.95 


0.340 
0.200 
0.114 
0.108 
0.115 
0.115 
0.180 
0.096 
0.121 
0.123 
0.128 


17.18        1.640 


1.57        0.122 


2.000 
1.540 
1.784 
1.548 
1.945 
1.615 
1.830 
1.446 
1.381 
1.653 
2.078 


0450 
-0.027 
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The  data  presented  in  the  table  show  conclusively  that  a  large 
amount  of  bran  in  the  ration  exerted  no  inhibiting  action  upon 
the  animal's  ability  to  assimilate  lime  from  the  ration.  It  is  true 
that  the  amount  retained  was  not  very  large;  but,  in  any  case, 
with  the  large  losses  normally  occurring  with  tfie  fecal  excretion 
such  a  positive  retention  is  to  be  viewed  as  a  reliable  index.  With 
bran  the  bulk  of  the  fecal  excretion  is  large,  which  in  itself  may 
exert  an  intensified  depreciating  effect  on  the  actual  amount  of 
lime  absorbed  from  the  ration  itself. 

The  addition  of  magnesium  salts  did  not  increase  the  fecal 
lime  excretion.  Accompanied  by  the  simultaneous  addition  of 
potassium  phosphate  a  slightly  increased  hme  content  of  the  feces 
was  observed.  This  cannot  be  overlooked  as  there  is  a  possi- 
bility that  the  ingestion  of  the  potassiimi  phosphate  may  merely 
have  changed  the  path  of  excretion  for  the  lime.  That  this  is 
not  entirely  the  case  is  seen  by  the  decrease  in  the  total  lime 
elimination  during  this  period. 

In  the  urine,  with  each  period  where  magnesium  salts  alone 
were  added,  a  remarkable  increase  in  the  urinary  Ume  excretion 
is  observed.  This  can  be  attributed  to  no  other  factor  than 
magnesiimi  salts,  as  the  data  from  day  to  day  are  exceedingly 
consistent.  The  addition  of  soluble  phosphates  reduces  this  incre- 
ment but  not  to  its  former  level.  Of  the  exact  relations  existing 
here  the  data  offer  us  no  information.  But,  in  itself,  it  is  truly 
remarkable  that  potassium  phosphate  should  be  able  to  counter- 
act, even  in  part,  the  injurious  action  of  the  magnesium  salts. 
Further,  during  this  period  there  was  not  an  increased  magnesium 
excretion  through  the  intestine. 

Here,  in  the  interrelations  prevailing  among  mineral  elements, 
we  may  have  an  explanation  of  some  of  the  nimierous  anomalies 
that  have  been  observed  in  connection  with  mineral  metabolism 
experiments,  otherwise  well  controlled.  Though  the  effect  of  or- 
.ganic  nutrients  upon  mineral  metabolism  is  not  to  be  underesti- 
mated, it  undoubtedly  is  true  that,  in  the  condition  of  the  digestive 
system  and  in  the  interrelations  prevailing  among  mineral  ele- 
ments, we  have  two  factors  of  primary  importance  operative  in 
mineral  metabolism. 


ON  THE  EXTREMES  OF  VARUTION  OF  THE  CONCEN- 
TRATION OF  IONIZED  HYDROGEN  IN  HUMAN  URINE. 

By  LAWRENCE  J.  HENDERSON  and  WALTER  W.  PALMER.* 
(From  the  Chemical  Laboratory,  Maaaachusetts  General  Hospital,) 

(Received  for  publication,  January  20,  1913.) 

In  a  recent  paper*  we  have  shown  that  the  variations  of  hydro- 
gen ion  concentration  in  urine,  when  studied  in  a  large  number 
of  instances,  are  not  without  physiological  and  pathological  sig- 
nificance, and  it  is  evident  that  the  latitude  of  variation  of 
this  quantity  is  a  fundamental  factor  in  the  regulation  of  the 
neutrality  of  the  animal  body.  For  this  and  other  reasons,  it 
is  of  interest  to  determine  the  extreme  variations  of  acidity  and 
alkalinity  which  can  arise  in  man. 

Considering  the  large  amount  of  acid  which  is  daily  removed 
from  the  body  (equivalent  to  600-700  cc.  of  ^  acid)  and  the 
enormous  quantities  which* may  be  excreted  in  diabetic  acidosis 
(equivalent  to  6  liters  of  0.1  n  acid  or  more)  it  is  obvious  that 
higher  acidity  than  that  which  is  to  be  observed  among  the  cases 
of  a  large  general  hospital  is  not  to  be  expected  under  any  cir- 
cumstances, for  it  is  not  possible  safely  to.  introduce  into  the 
body  more  than  a  small  fraction  of  such  quantities  of  acid.  Ex- 
periment bears  out  this  view. 

To  study  the  effect  of  acid  ingestion  on  the  hydrogen  ion  con- 
centration, 10  grams  of  monosodium  phosphate  were  given  at  a 
single  dose  and  the  imne  collected  in  separate  specimens  at  fre- 
quent intervals  thereafter. 

The  variation  in  hydrogen  ion  concentration  from  hour  to  hour 
in  the  various  cases  is  only  sUghtly  greater  than  that  which  occurs 
in  normal  cases  without  monosodium  phosphate  intake.  In  every 
case,  however,  there  is  found  a  sUght  increase  of  hydrogen  ion 
concentration.    The   greatest   difference  is  observed  in  case  7, 

*  Henry  P.  Walcott  Fellow  in  Clinical  Medicine,  Harvard  Medical 
School. 

*  L.  J.  Henderson  and  W.  W.  Palmer:  this  Journal,  xiii,  p.  393,  1913. 
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TABLE  I. 
Concentrations  of  ionized  hydrogen  after  the  administration  of  acid  phaspkale.* 


X 

TIMS  ACID 

•mOI  OP  COLLBCnON  ANI 

>  HTDROOBN  ION  CONCENTKATION  OW  UKINK  AfTSS 

NaHiPOi  iNOEsnoN 

m 

8001X711 

t 

3 

PHOSPBATB 

anraic 

a.  m. 
9.00 

7.00 

9.00 

10.00 

11.00 

12.00 

1.00 

2.00 

3.00        «.00    1    10.00    2S 

g 

a.  m. 

a.  m. 

6.85 

a.m. 

a.  m. 
6.00 

noon 

p.  m. 

p.m. 

p.  m. 

'  p.m. 

1 

I  p-»-iiprtf 

1 

6.50 

6.15 

6.50 

7.00 

1 

1         1 

6  50  1  6.30 

2 

9.00 

5.85 

5.60 

5.70 

5.85 

5.40 

5.30 

6.50  i                       I 

3 

9.00 

5.40 

5.70 

5.85 

5.30 

5.15 

5.30 

5.60 

5.70 

4 

9.00 

5.15 

5.30 

5.00 

5.15 

5.15 

5.60     5.70 

7.00 

5 

7.30 

5.60 

5.30 

5.70 

6.50     5.70 

5.30 

6 

7.00 

5.60 

5  30 

5.70     6.30 

500 

7 

9.00 

6.70 

7.00 

6.30 

6.15 

5.30 

5.40 

6.30 

8 

7.00 

5.50 

5.30 

5.50 

5.70 

5.40 

*  Expressed  1 

unegat 

Ive  logar 

Ithms,  see  Henderson  and  Palmer,  loc.  Hi 

t. 

where  the  initial  value  was  low,  6.70,  and  at  1.00  p.m.,  four  hours 
after  the  ingestion  of  monosodium  phosphate,  it  was  5.30,  repre- 
senting a  twenty-five  fold  increase  in  acidity.  Administration  of 
larger  quantities  of  acid  phosphate,  or  of  hydrochloric  acid,  pro- 
duces similar  eflfects  and  never,  in  our  experience,  causes  acidity 
of  the  urine  as  great  as  that  which  is  common  in  many  piathologi- 
cal  conditions. 

On  the  other  hand  the  body  is  not  known  ever  to  produce 
bases  in  considerable  quantity  (except  ammonia  to  neutralize  an 
excess  of  acid)  hence  it  is  natural  to  expect  that  the  administra- 
tion of  alkali  in  the  normal  individual  may  produce  a  urine  more 
alkaline  than  that  which  \^  otherwise  to  be  found.  This  view 
also  has  been  confirmed  by  experiment. 


TABLE  11. 

+ 

H 

WITHOUT 
ALKALI 

PIB8T  DAT  WITH  ALKALI 

SRCOITD  DAT  WITH  ALKA 

7IIBBB 

Sodium 
bicarbonate 

H 

Sodium 
bicarbonate 

s 

gram* 

gramM 

1 

6.15 

24 

8.00 

40 

8.70 

2 

6.00 

20 

8.70 

3 

6.30 

12 

7.40 

4 

6.70 

20 

8.30 

5 

6.00 

24 

8.30 

40          1 

8.70 

6 

6.85 

8 

8.50 

16          1 

8.50 

7 

6.50 

12                 8.30 

24          1 

8.50 

8 

6  70 

12 

8.70 

' 
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The  effect  of  the  ingestion  of  large  amounts  of  sodium  bicar- 
bonate was  studied  in  young  adults.  As  far  as  possible  the 
sodium  bicarbonate  was  taken  between  meals  and  the  hydrogen 
ion  concentration  was  determined  on  twenty-four-hour  specimens 
of  urine. 

The  results  of  a  single  dose  of  sodium  bicarbonate  on  the 
hydrogen  ion  concentration  are  given  in  the  following  table.  As 
far  as  possible  a  specimen  of  urine  was  obtained  at  the  time  of 
administration  of  the  sodium  bicarbonate  and  hourly  specimens 
obtaijied  for  several  hours  thereafter. 


TABLE  ni. 


XUMBSR 


SODIUM 
BICARBONATB 


num  SODIUM 

BICARBONATE 
OIVBM 


TIMB  or  COLLBCnON  OF  8PBCIMBN  OF  URINC 
AND  HTDROOBN  ION  CONCENTRATION 


10.00 

11.00 

12.00 

1.00 

2.00   ! 

a.  m.  1  a.  m. 

noon 

p.m.  1   p.m. 

1 

7.40     8.30 

7.48 

1 

1 

7.48  ;  7.40 

5.40 

8.50 

8.30 

6.50 

6.50 

5.30 

8.70 

8.70 

8.70 

8.70 

7.40 

8.50 

8.70 

8.50 

8.50 

5.85 

8.70 

8.70 

6.70 

7.48 

8.70 

8.50 

8.70 

3.00 
p.  m. 


5.85 
7.40 
8.70 
8.50 
8.30 
8.50 


In  no  instance  were  we  able,  by  the  administration  of  sodium 
bicarbonate,  to  obtain  a  more  alkaline  uruie  than  one  with  a 
hydrogen  ion  concentration  of  8.70,  which  is  sUghtly  more  alka- 
line than  a  solution  of  disodium  phosphate  of  concentration  about 
0.01  N.  From  the  foregoing  data  it  is  evident  that  the  reaction 
of  the  urine  may  be  pushed  down  to  a  certain  degree  of  alkalinity 
with  comparative  ease;  beyond  this  point,  even  after  the  adminis- 
tration of  large  amounts  of  alkali,  the  reaction  of  the  urine  does 
not  change. 

The  highest  acidity  which  has  thus  far  been  observed,  exceeds 
4.70;  the  highest  alkalinity,  8.70.  This  corresponds  to  a  range 
of  1  :  10,000  in  the  concentration  of  hydrogen  and  hydroxyl  ions, 
and  amounts  on  the  one  hand  to  the  acidity  of  a  solution  con- 
sisting of  a  trace  of  free  phosphoric  acid  together  with  mono- 
sodium  phosphate,  on  the  other  hand,  to  the  alkaUnity  of  a  solu- 
tion of  disodium  phosphate  of  concentration'  about  0.01  n. 
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The  variations  of  the  relative  amounts  of  acid  and  alkali  whidi 
accompany  such  variations  in  reaction  are  very  large  and,  togetfier 
with  ammonia  excretion,  measure  the  protective  power  of  the 
kidney. 

Ten  cubic  centimeter  samples  from  twenty-four-hour  amounts 
of  urine  from  normal  individuab  and  10  cc.  of  a  standard  solution 
having  a  hydrogen  ion  concentration  of  4.70  (highest  observed 
acidity)  were  introduced  into  separate  250  cc.  flasks,  diluted 
with  distilled  water  to  approximately  250  cc.  and  five  drops  of 
a  2  per  cent  aqueous  solution  of  sodium  alizarine  sulphonate 
added.  SufScient  sulphuric  acid  of  concentration  0.1  n  was 
added  to  the  flask  containing  urine  to  bring  its  reaction  to  that 
of  the  standard  solution.  A  second  titration  was  carried  out  with 
a  fresh  10  cc.  sample  of  urine  and  10  cc.  of  a  standard  solution 
with  a  hydrogen  ion  concentration  of  8.70  (lowest  observed  alka- 
linity), similarly  diluted,  ten  drops  of  a  1  per  c&ai  alcoholic  solu- 
tion of  phenolphthalein  added,  and  the  reaction  of  the  urine 
carried  to  that  of  the  standard  solution  by  addition  of  potassium 
hydrate  of  concentration  0.1  n.  In  each  instance  the  numb^ 
of  cc.  of  17  acid  or  alkali  to  bring  the  reaction  of  the  total  amoimt 
of  urine  to  the  reaction  of  the  standard  solutions  was  calculated. 


TABLE  IV. 


NDMBER 


1 

2 
3 
4 
5 
6 
7 
8 
9 
10 


AMODNT 


CC. 

2200 
1200 
1300 
1300 
1500 
2500 
2175 
1000 
1920 
1300 


H 


TOTAL 
ACID 


ce. 


6.15 

185 

6.30 

380 

6.30 

284 

5.85 

285 

7.00 

411 

6.70 

500 

6.50 

425 

5.85 

188 

6.85 

432 

6.70 

271 

• 
TOTAL 

ACID 
+ 

ALKALI 

ALKALI 

ce. 

CC 

246 

431 

568 

948 

545 

829 

705 

990 

212 

623 

680 

1180 

675 

1100 

385 

573 

430 

862 

316 

587 

RATIO  OP 
ACTUAL to: 
UBLB  ALKAU 
DC  VRIJCK 


0.43 
0.40 
0  34 
0.29 
0.61 
0.43 
0  39 
0.33 
0.50 
0.45 


Average      (alkali  +  acid) 812 

Maximum  (alkali  -f  acid) 1 180 

Minimum   (alkali  -Kacid) 431 
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It  thus  appears  that  the  possible  variation  in  the  amount  of 
alkali  in  union  with  the  acids  of  normal  urine  is  ordinarily  about 
0.5-1 .0  gram-molecule.  In  pathological  conditions,  when  the  acids 
are  increased,  this  quantity  also  is  necessarily  larger. 

The  actual  variation  in  normal  individuals  is  evidently  at  least 
nearly  0.5  gram-molecule. 

In  the  most  acid  urines  which  we  have  observed,  the  urinary 
acids,  in  addition  to  phosphoric  acid  and  acid  sodium  phosphate, 
are  free  to  a  considerable  degree,  as  follows:  hippuric  acid,  8  per 
cent,  acetoacetic  acid,  11  per  cent;  lactic  acid,  12  per  cent; 
/^-oxybutjrric  acid,  45  per  cent;  uric  acid,  91  per  cent. 

In  the  most  alkaline  urines  all  these  acids  are  almost  completely 
combined  with  base,  and  any  free  carbonic  acid  must  be  accom- 
panied by  a  very  large  quantity  of  sodium  bicarbonate — at  least 
one  hundred  times  its  concentration.  Such  is  the  explanation 
of  the  large  variation  in  relative  amounts  of  acid  and  alkaU. 

We  wish  to  thank  Dr.  Frederick  C.  Shattuck  for  making  this 
work  possible.  Thanks  are  also  due  to  the  members  of  the  visit- 
ing staff  and  others  of  the  Massachusetts  General  Hospital  for 
their  kindness  in  suppl3nng  clinical  material. 
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THE  ESTIMATION  OF  CREATININE  AND  CREATINE 

IN  DIABETIC  URINES. 

By  ISIDOR  GREENWALD. 
{From  the  Chemical  Laboratory  of  the  Montefiore  Home,  New  York.) 

(Received  for  publication,  January  21,  1913.) 

« 

That  acetone  and  acetoacetic  acid  react  with  picric  acid  and 
sodium  hydroxide  with  the  production  of  a  colored  solution, 
similar  to  that  produced  by  creatinine  under  the  same  conditions, 
has  long  been  known.  The  extent  of  their  possible  interference 
with  the  estimation  of  creatinine,  by  the  Folin  method,  has  not 
been  clearly  determined.  Folin^  states  that  the  reaction  is  given 
by  hydrogen  sulphide,  acetone,  acetoacetic  acid  and  its  ester, 
which,  if  present,  may  easily  be  removed.  No  directions  are 
given.  Klercker,^  who  used  very  large  amoimts  of  acetone  in  his 
experiments,  found  that  acetone  caused  a  rapid  fading  of  the 
color.  According  to  van  Hoogenhuyze  and  Verploegh*  the  read- 
bgs  obtained  in  the  presence  of  acetone  are  at  first  too  low,  but  as 
the  color  due  to  the  acetone  fades  rapidly,  normal  readings  are 
soon  obtained.  Similar  results  are  reported  by  Krause,^  who  also 
investigated  the  action  of  acetoacetic  acid.  He  foimd  that  the 
readings  were  too  low.  Wolf  and  Osterberg,^  on  the  contrary, 
reported  that  the  addition  of  1  per  cent  of  acetoacetic  ester  was 
without  influence  upon  the  determination  of  creatinine.  Rose* 
used  acetoacetic  acid  in  concentrations  up*  to  0.25  per  cent  and 
obtained  correct  readings  if  the  solutions  were  allowed  to  stand 
three  or  four  minutes  after  dilution  before  making  the  readings. 

^  Folin:  Zeitschr.  f.  physioL  Chem.,  xli,  p.  223,  1904. 
*  Klercker:  Biochem.  Zeitschr.,  iii,  p.  45,  1907. 

'van  Hoogenhuyze  and  Verploegh:  Zeitschr.  /.  physioL  Chem,,  Ivii,  p. 
161,  1908. 

^  Krause:  Quart,  Journ.  Exp.  PhysioL,  iii,  p.  289, 1910. 

'  Wolf  and  Osterberg:  Amer.  Journ.  of  PhysioL,  xxviii,  p.  71,  1911. 

•Rose:  this  Journal,  xii,  p.  73,  1912. 
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In  connection  with  an  investigation  into  the  creatine  and 
creatinine  metabolism  in  diabetes,  it  became  necessary  to  ascer- 
tain if  acetone  and  acetoacetic  acid  in  the  amoimts  present  id 
diabetic  urines  would  interfere  with  the  estimation  of  creatinine. 
This  was  foimd  to  be  the  case.  Although  the  addition  of  a  smaD 
quantity  of  acetone  (0.5  per  cent)  to  normal  urine  does  not  greatly 
aflfect  the  readings  obtained,  such  addition  to  diluted  urine  or  to 
urine  containing  but  little  creatinine,  interferes  very  decidedly. 
The  presence  of  acetoacetic  acid  also  makes  all  the  readinp 
unreliable.  The  figures  given  in  Table  I  are  typical  of  the  results 
obtained. 

TABLE  1. 

The  effect  of  acetone  and  acetoacetic  acid  upon  the  estimation  of  creaiimnt, 

(10  cc.  of  the  urine  were  diluted  to  250  cc.  after  the  addition  of  the  picric 

acid  and  sodium  hydroxide  solutions.) 


NUMBEB 

NATUBE  OF  URINE 

Normal,  diluted 

ADDITION 

READINOS 

1 

11.06 

2 

Normal,  diluted 

0.5  per  cent  acetone 
Acetoacetic  acid* 

10.30  fading  to  11.6 
12.00  fading  to  12.4 
10.10 

3 

Muscular  dystrophy 

Acetoacetic  acid* 
Acetoacetic  acid* 

10.80  fading  to  13.0 

10.50 

13.00 

*  Enough  of  a  freshly  prepared  solution  of  acetoacetic  add  was  added  to  produce  a  Crerfaardt 
reaction  comparable  to  that  given  by  a  urine  then  under  examination  In  this  laboratory. 

In  order  to  make  an  accurate  estimation  of  creatinine,  by  the 
Folin  method,  it  is  therefore  necessary  either  to  remove  the  inter- 
fering substances  or  to  precipitate  the  creatinine,  determine  the 
creatine  in  the  filtrate  and  subtract  the  amoimt  found  from  the 
sum  of  the  creatine  and  creatinine.  Boiling  the  urine,  as  recom- 
mended by  Rona,'  was  first  attempted.  It  was  found  that  the 
urine  from  a  severe  case  of  diabetes  required  boiling  for  at  least 
five  minutes  to  free  it  of  acetoacetic  acid.  A  number  of  experi- 
ments were  made  with  urines  from  patients  with  muscular  dys- 
trophy. Creatinine  was  determined  in  the  usual  manner.  A 
volume  of  urine  equal  to  that  taken  for  the  determination  of 
creatinine  was  boiled  for  five  minutes,  cooled  and  the  creatinine 
estimated.    In  every  instance  the  readings  were  much  lower  than 


^  Rona:  Handbuch  d.  biochem.  Arbeitsmethoden,  iii,  p.  788, 1910. 
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TABLE  II. 

The  effect  of  boiling  the  urine  upon  the  estimation  of  creatinine  in  the 

presence  of  creatine. 


IfUMBBB 

▼OLUICB  or  17XIMB 

DILUTION 
CC. 

RBADINOS 

UnboUod 

BoUed 

ee. 

• 

mm. 

mm. 

1 

25 

500 

6.87 

5.20 

2 

25 

1000 

8.13 

6.97 

3 

25 

250 

7.23 

6.12 

4 

25 

300 

8.55 

7.35 

in  the  control  estimation  (Table  II).    The  method  was  therefore 
rejected. 

Fairly  good  results  were  obtained  by  precipitating  the  creatinine 
with  sulphmic  and  phosphotungstic  acids,  filtering,  freeing  an 
aliquot  portion  of  the  filtrate  of  the  acids  with  barium  hydroxide, 
filtering,  precipitating  the  excess  of  barium  in  an  aliquot  portion 
of  the  filtrate  with  sodium  sulphate,  adding  hydrochloric  acid, 
evaporating  and  completing  the  determination  of  creatine  in  the 
usual  manner.  A  urine  from  a  case  of  muscular  dystrophy  con- 
tained 0.276  gram  preformed,  and  0.881  gram  total  creatinine 
per  liter.  To  some  of  this  urine,  4  per  cent  of  dextrose  was  added 
and  the  determination  of  creatine  carried  out  as  described  above. 
Calculated  as  creatinine,  0.611  gram  was  found.  In  another 
urine  the  content  of  preformed  creatinine  was  0.822  gram  and 
of  total  creatine,  1.200  grains  per  liter.  The  amount  of  creatine, 
as  estimated  by  this  method  after  the  addition  of  4  per  cent  of 
dextrose  to  the  urine,  was  0.382  gram,  calculated  as  creatinine, 
per  liter.  As  a  rule,  however,  the  agreement  was  not  so  close  as 
in  these  instances.    The  method  is  not  altogether  satisfactory. 

At  the  suggestion  of  Dr.  S.  R.  Benedict,  an  attempt  was  made 
to  determine  the  creatinine  after  extraction  of  the  acetoacetic 
acid  with  ether  and  subsequent  aeration  to  remove  the  ether  and 
acetone.  This  was  found  to  be  very  successful.  •  The  apparatus 
used  consisted  of  an  ordinary  Soxhlet  extraction  apparatus,  a 
short,  wide  test-tube  and  a  funnel-tube.  In  principle  it  was  the 
same  as  that  described  by  Saiki.*  After  two  hours  the  urines  were 
found  to  be  free  of  appreciable  amounts  of  acetoacetic  acid.    For 


"  Saiki:  this  Journal,  vii,  p.  21, 1909. 
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the  determination  of  creatinine  the  following  procedure  was 
adopted :  25  cc.  of  the  urine  are  measured  into  the  extraction  tube, 
1.0  cc.  of  concentrated  hydrochloric  acid  added  and  the  mixture 
extracted  with  ether  for  two  hours.  The  contents  of  the  tube  are 
then  washed  into  an  aerometer  cylinder  and  aerated  for  one  hour. 
To  reduce  foaming,  a  few  drops  of  toluene  may  be  added  and  the 
aeration  continued  until  this  has  been  removed.  The  estimation 
is  then  carried  out  in  the  usual  manner  except  that,  because  of  the 
dilution,  30  cc.  of  the  picric  acid  solution  and  10  cc.  of  the  sodium 
hydroxide  solution  are  used.  Sodium  hydroxide  equivalent  to 
the  hydrochloric  acid  used  must  also  be  added.  The  results  of  a 
number  of  estimations  in  urines  from  patients  with  muscular 
dystrophy  are  smnmarized  in  Table  III.  In  order  to  eliminate 
the  influence  of  suggestion,  most  of  the  determinations  were  made 
by  two  observers,  one  comparing  the  colors,  the  other  reading  the 
scale. 

That  dilute  hydrochloric  acid  does  not,  under  these  conditions, 
effect  an  appreciable  conversion  of  creatine  into  creatinine  is  also 

TABLE  III. 
Comparison  of  results  obtained  by  direct  estimation  of  creatinine  in  urines  con- 
taining creatine  and  after  addition  of  acetoacetic  acid  and  its  extraction  with 
ether. 


TIME  XLAnSI) 

AFTER  ADDITION  OF 

BETWEEN  THE  ADDI- 

NUMBER 

DIRECT 

ACKTOACBTIC  ACID  AND 

TION    or  THE  BTDEO- 

EXTRACTION 

CHLORIC  ACID  AND 

THE  ESTIMATION 

mgm.  per  liter 

mffm.  per  liter 

h0vr» 

1 

'235 

235 

2 

226 

229 

3 

472 

472 

4 

793 

797 

4 

5 

613 

610 

6 

232 

228 

3 

7 

494 

486 

6 

8 

494 

498 

18 

9 

434 

432 

3.5 

10 

434 

439 

8 

11 

434 

434 

4 

12 

395 

398 

4 

13 

424 

430 

20 

14 

.541 

537 

5 

15 

359 

359 

7 
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indicated  by  the  following  experiments.  Forty-eight  milligrams 
of  creatine  were  dissolved  in  100  cc.  of  0.5  n  HCl  solution.  At 
intervals  the  liquid  was  tested  for  creatinine  by  Jaffa's  reaction 
and  also  with  phosphotungstic  acid.  Even  after  four  days  there 
was  no  precipitation  on  the  addition  of  phosphotungstic  acid  nor 
was  the  color  produced  with  picric  acid  and  sodium  hydroxide 
different  from  that  of  the  alkaline  picrate  solution.  On  another 
occasion,  0.119  gram  of  creatine  was  dissolved  in  100  cc.  of  water 
and  4  cc.  of  concentrated  hydrochloric  acid.  After  six  hours  at  a 
temp>eratiu*e  between  37**  and  40°,  the  solution  gave  no  precipi- 
tate with  phosphotungstic  acid  and  only  a  slight  reaction  with 
picric  acid  and  sodium  hydroxide  solutions. 

TABLE  IV. 

Comparison  of  readings  obtained  in  the  direct  estimation  of  creatinine  in 

diabetic  urine  and  after  extraction  with  ether. 

(25  cc.  of  urine  diluted  to  250  cc.  before  reading.) 


mJMBMM 

DIRBCT 

AFT^B  XXTBACnON 

tntn. 

fflffl. 

1 

9.3 

7.80 

2 

9.4 

8.30 

3 

14.7 

9.20 

4 

11.1 

7.12 

5 

11.6 

6.86 

A  few  examples  of  the  results  obtained  by  this  method,  as  com- 
pared with  the  original  Folin  method,  are  given  in  Table  IV.  The 
urines  were  obtained  from  a  patient  with  a  severe  form  of  diabetes. 
The  figiu*es  in  the  first  column  were  obtained  after  waiting  until 
the  readings  no  longer  changed  appreciably  within  three  or  four 
minutes.  This  required  from  five  to  ten  minutes.  The  color  may 
continue  to  fade  slowly  for  a  much  longer  time  as  is  shown  by  two 
experiments,  the  results  of  which  are  given  in  Table  V.  The 
readings  did  not  remain  constant  xmtil  about  thirty  minutes  had 
elapsed. 

Rose®  has  called  attention  to  the  low  readings  obtained,  in  the 
presence  of  dextrose,  in  the  Benedict-Myers  modification  of  the 
Folin  method  for  the  determination  of  creatine.     He  has  proposed 


•Rose:  loc.  cit. 
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the  substitution  of  phosphoric  acid  for  the  hydrochloric  add. 
Apparently  he  did  not  use  the  original  Folin  method.  As  is 
shown  in  Table  VI,  this  is  quite  satisfactory.  If  care  be  takm  to 
prevent  undue  concentration,  the  effect  of  dextrose,  even  in  a  ccm- 
centration  of  5  per  cent,  is  barely  appreciable,  although  the  urines 
contain  so  little  creatinine  that  the  dilution  before  reading  is  only 
250  or  300  cc. 

TABLE  V. 

Readings  obtained  in  the  estimation  of  creatinine  in  diabetic  urine  by  the 

Folin  method. 


I 

n 

I 

n 

ImmpHiatAlv 

13.0 
14.7 
16.8 
18.0 

6.9 

9.0 
9.3 

After  twenty  minutes. . . 
After  thirty  minutes... 
After  forty-five  minutes 

18.2 
19.0 
19.0 

10  2 

After  five  minutes 

After  ten  minutes 

After  fifteen  minutes. . . 

10.2 

TABLE  VI. 


The  effect  of  dextrose  upon  the  estimation  of  creatine  by  the  Folin  method. 
(10  cc.  of  diluted  normal  urine  made  up  to  250  or  300  cc.  before  reading.) 


NUMBER 


1 

2 
3 
4 

•  Dog  urine. 


DBXTBO0B 
▲DDBD 


gram 

0.3 
0.4 
0.5 
0.5 


BBADINOS 

NUlfBBB 

DBXTBOSB 
▲DDBD 

BBADDfCM 

mn. 

fftotn 

mm. 

9.00 

5 

7.93 

8.95 

0.5 

7.80 

6.88 

6 

8.07 

6.83 

0.5 

7.98 

5.57 

7 

9.90 

5.45 

0.5 

9.74 

7.75 

8* 

7.01 

7.80 

0.5 

7.08 

In  this  laboratory,  the  conversion  of  creatine  into  creatinine  is 
generally  accomplished  in  50  cc.  flasks  with  short  necks.  The 
condensation  in  the  neck  prevents  the  loss  of  any  appreciable 
amount  of  water  but  the  acetone  is  almost  completely  removed. 
Three  urines,  which  contained,  respectively,  14.6,  10.5  and  17.6 
mgm.  of  acetone  in  10  cc,  after  being  heated  with  hydrochloric 
acid  as  in  the  determination  of  creatine,  contained  only  1.7, 1.0 
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and  1.9  mgm.  of  acetone  in  10  cc.    Such  small  amounts  of  acetone 
are  without  appreciable  effect  on  the  readings  obtained. 

The  Folin  method  is  so  simple  that  it  seems  to  be  preferable  to 
the  much  more  troublesome  procedure  recommended  by  Rose. 
The  only  advantage  of  the  latter  is  that  conversion  is  completed 
a  little  sooner,  but  the  time  actually  required  for  the  manipulation 
is  greater.  Except  when  a  large  number  of  determinations  are  to 
be  made  at  the  same  time,  it  offers  no  advantages  over  the  Folin 
method. 

SUMMARY. 

In  urines  containing  acetoacetic  acid  or  acetone,  creatinine  may 
be  accurately  estimated  by  the  Folin  method  only  after  removal 
of  these  substances.  A  method  of  accomplishing  this  is  described. 
Dextrose,  in  concentrations  up  to  5  per  cent,  is  without  appre- 
ciable effect  upon  the  estimation  of  creatine  by  the  Folin  method. 


ON  THE  COLORIMBTRIC  DETERMINATION  OF  URIC 

ACID  IN  URINE. 

By  otto  FOLIN  and  W.  DENIS. 
{Prom  the  Biochemical  Laboratory  of  Harvard  Medical  School,  Boston.) 

(Received  for  publication;  January  27,  1913.) 

By  means  of  the  new  colorimetric  method  for  the  determination 
of  uric  acid  in  urine  recently  described  by  Folin  and  Macallum^ 
it  is  possible  to  make  a  reliable  uric  acid  determination  in  about 
fifteen  minutes.  The  method  consists  essentially  in  evaporating 
the  acidified  urine  to  dryness  and  extracting  from  the  residue 
certain  polyphenol  compounds  which  give  a  blue  reaction  with 
the  uric  acid  reagent.^  The  insoluble  uric  acid  is  left  behind  and 
is  then  determined  colorimetrically.  Unfortunately  this  method 
is  not  directly  applicable  to  all  kinds  of  urine.  Urines  of  certain 
animals  as  for  example  the  rat  and  cat  and  also  certain  kinds  of 
pathological  human  urine  (urines  containing  albumin  or  sugar) 
leave  on  evaporation  such  coatings  of  inert  materials  that  it  is 
practically  impossible  to  remove  quantitatively  the  interfering 
polyphenol  compounds  by  means  of  alcohol-ether  mixtures  or 
indeed  by  any  other  solvent  which  does  not  also  dissolve  uric 
acid. 

In  their  preUminary  paper  FoUn  and  Macallum^  described  a 
different  method  for  separating  the  uric  acid  from  the  disturbing 
polyphenols.    The  uric  acid  was  precipitated  by  means  of  anmio- 

» This  Journal,  xiii,  p.  363,  1912. 

*  The  urine  was  acidified  with  oxalic  acid  before  the  evaporation.  This 
produced  some  urea  oxalate  which  protected  the  uric  acid  mechanically 
without  interfering  appreciably  with  the  alcohol-ether  extraction.  Recently 
C.  Farmer  and  F.  B.  Grinnell  have  made  a  series  of  extractions  after  acidi- 
fying with  1  cc.  of  1  per  cent  monosodium  phosphate  solution.  Judging 
from  the  results  obtained  with  pure  uric  acid  solutions  as  well  as  with 
normal  urines  the  results  so  obtained  are  rather  more  satisfactory  with 
pure  uric  acid  solutions  and  equally  satisfactory  with  urine. 

»Thi8  Journal,  xi,  p.  26.*),  1912. 
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niacal  silver  solutions  more  or  less  as  in  the 
method.  Tlie  great  drawback  to  this  procedm 
in  the  presence  of  the  silver  the  blue  color  obta 
uric  acid  reagent  was  so  very  transient  in  cha 
results  could  be  obtained  only  by  working  with 
of  speed  and  uniformity  of  procedure. 

Having  solved  the  problem  of  how  to  make 

silver  solution  as  a  reagent  for  isolating  uric  .. — 

a  condition  suitable  for  colorimetric  determinations*  we  had,  of 
course,  in  that  procedure  one  that  could  hardly  fail  to  be  appli- 
cable to  all  kinds  of  urine.  The  general  method  th'is  evolved 
necessitates  the  use  of  a  small  centrifuge  but  it  is  otherwise  as 
rapid,  convenient  and  accurate  as  the  method  described  by  FoUd 
and  Macallum  for  normal  urine.  At  all  events  because  of  its 
general  applicability  to  pathological  urines  the  method  vould 
seem  to  merit  a  separate  description,  especially  as  we  are  now 
able  also  to  describe  a  method  for  the  preparation  of  a  satiafactor? 
standard. 

Standard  uric  acid  aolttUons  for  the  colorimetric  determintUion  <4 
wicacid. 

No  other  detail  in  the  colorimetric  determination  of  uric  acid 
has  presented  such  difficulties  as  has  the  problem  of  finding  s 
suitable  standard.  Theoretically  the  most  satisfactory  standard 
for  any  color  comparison  is  the  color  obtained  with  a  known 
amount  of  the  substance  which  is  to  be  determined.  In  all  our 
work  we  have  used  fresh  uric  acid  solutions  for  this  purpoee 
because  no  other  stable  substance  has  been  found  to  give  exactly 
the  same  color  as  that  given  by  uric  acid.  It  is  distinctly  tedious, 
however,  to  make  up  standard  uric  acid  solutions  every  day  or 
every  few  days.  The  standard  which  was  obt^ed  by  adding  an 
excess  of  uric  acid  to  an  exact  amount  of  the  uric  acid  reagent* 
was  not  entirely  satisfactory,  the  chief  drawback  being  the  dis- 
tinctly greater  rapidity  with  which  the  color  of  such  solutions 
fade  as  compared  with  the  solutions  obtuned  by  adding  an  excos 
of  the  reagent. 

'  This  Journal,  xiii,  p.  469,  1913. 
•  This  Journal,  xiii,  p.  367,  1912. 
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By  combining  uric  acid  with  formaldehyde  we  have  at  last 
(Jsiained  solutions  of  uric  acid  which  act  like  ordinary  pure  uric 
acid  solutions  with  reference  to  the  quality  and  stability  of  the 
color  produced  with  an  excess  of  the  uric  acid  reagent.  The 
solutions  so  obtained  seem  to  keep  their  strength  indefinitely. 
We  have  now  bad  several  different  solutions  for  three  months, 
have  kept  them  in  the  light  and  in  the  dark,  in  cold  places  and 
in  warm  ones,  and  in  no  case  have  we  observed  any  diminution 
in  the  color  value  obtained  with  a  given  excess  of  the  uric  acid 
reagent.  The  uric  acid  formaldehyde  compounds  do  not  possess 
more  than  a  small  fraction  of  the  reactivity  corresponding  to  the 
uric  acid  contained  in  them  and  their  value  in  terms  of  uric  acid 
must  be  determined  just  like  that  of  any  unknown  uric  acid 
solution  but  the  important  thing  is  that  the  active  fraction,  what- 
ever it  is  due  to,  remains  constant.^ 

The  uric  acid  formaldehyde  solution  is  prepared  as  follows: 
One  gram  of  uric  acid  in  b  volumetric  liter  flask  is  dissolved  by 
means  of  an  excess  of  lithiiun  carbonate  (200  cc.  of  a  0.4  percent 
solution).  To  the  solution  are  added  40  cc.  of  40  per  cent  formal- 
dehyde solution  and  the  mixture  is  shaken  and  allowed  to  stand 
for  a  few  minutes.  The  clear  solution  is  acidified  by  the  addition 
of  20  cc.  of  normal  acetic  acid  and  the  whole  is  diluted  up  to  the 
liter  mark  with  water.  The  solution  should  remain  perfectly 
clear  and  the  next  day  (but  not  before)  it  can  be  standardized 
against  a  freshly  prepared  lithium  carbonate  solution  of  uric  acid. 
The  color  produced  by  5  cc.  of  the  solution  corresponds  very 
nearly  to  the  color  obtained  from  1  mgm.  of  uric  acid.  The  colo- 
rimeter reading  obtained  for  the  solution  when  thus  compared 
against  1  mgm.  of  pure  uric  acid  is,  of  course,  thereafter  to  be 
used  as  the  standard  value  corresponding  to  1  mgm.  of  uric  acid. 

The  new  uric  add  method. 

From  1  to  2  cc.  of  urine  are  measured  into  an  ordinary  centri- 
fuge tube  by  means  of  a  modified  Ostw^d  pipette.  A  sufficient 
amount  of  distilled  water  is  then  added  to  bring  the  volume  of 

•Uric  acid  formaldehyde  compounds  were  first  prepared  by  Tollens 
(Ber.  d.  detUsch,  chem.  Gesellsch.,  xxx,  p.  2514, 1897).  The  solubility  of  these 
compounds  has  long  been  known  but  their  stability  in  aqueous  solutions 
has  evidently  not  been  recognized  before. 
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the  liquid  in  the  tube  to  about  5  cc,  six  dn 
lactate  Bolution,  two  drops  of  magoesia  mi 
amount  (10-20  drops)  of  concentrated  ai 
dissolve  the  silver  chloride  are  then  adde 
centrifuged  for  one  or  two  minutes,  the  supi 
off  and  to  the  residue  in  the  bottom  of  the 
six  dropa  of  freshly  prepared  saturated  hyi 
and  one  drop  of  concentrated  hydrochloric 
placed  in  a  beaker  of  boilii^  water  until  s 
sulphide  has  been  driven  off. 

As  hydrogen  sulphide  gives  a  blue  coloi 
reagent"  care  must  be  taken  to  obtain  its  c< 
determine  whether  this  has  been  accompli 
per  cent  lead  acetate  solution  should  be  adc 
the  tube  after  the  latter  has  remained  in  the 
five  minutes  and  if  any  hydrogen  sulphide 
brown  precipitate  will  be  formed.  If  this  i 
the  tube  should  be  returned  to  the  water  bai 
of  heating. 

When  the  tube  has  been  cooled,  add  2  c 
agent,  10  cc.  of  saturated  sodium  carbonat) 
a  50  cc.  volumetric  dask  and  make  up  tc 
comparison  is  then  made  in  the  usual  mac 
obtained  from  5  cc.  of  the  standardized  u: 
solution  (or  a  freshly  prepared  pure  uric  acii 

In  the  case  of  urines  containing  much  albumin  i 
the  addition  of  hydrogen  sulphide  the  solution  c 
a  brownish  tint,  which  interferes  with  the  coloi 
makes  accurate  readings  very  difficult.  This  difl 
by  adding  to  the  hot  solution  (after  the  removal  < 
from  two  to  fen  drops  of  a  10  per  cent  sodium  aci 

This  procedure  has  also  been  found  useful  in  t 
acid  in  blood  where  the  same  trouble  is  met  wit 
happens  the  protein  has  not  been  entirely  remove 

Unless  albumin  be  present  sodium  acetate  aho 
in  blood  or  urine  .inalysis  as  its  presence  tends  to 

The  uric  acid  determinations  recorded  I 
new  method  is  capable  of  giving  excellent  r 
of  large  amounts  of  albumin  or  sugar.  ''. 
grams  of  uric  acid  per  liter  of  urine. 
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NO.  OF  vmaim 


1 

1  4- 10%  serum 

2 

2-f  10%  serum 

2-1-  20%  serum 

3 

3-1-  10%  serum 

3-1-  20%  serum 

4 

4  -h  10%  serum 

5 

5  -h  10%  serum 

6. 

6  -h  40%  serum 

t 

7-1-  40%  serum 

8 

8  +  20%  serum 

9 

^  -f    2%  egg  albumin 

10 

10 -h  20%  serum 

U 

11 -1-20%  serum 


i 


o 


0.49 
0.49 

0.84 

0.60 
0.69 
0.47 
0.16 
0.47 
0.66 
0.44 
0.48 


0.50 

0.52 

0.49 

0.50 

0.47 

0.80 

0.82 

0.80 

0.60 

0.59 

0.71 

0.70 

0.49 

0.50 

0.17 

0.17 

0.44 

0.45  I 

0.67  I 

0.66  I 

0.42 

0.43  ' 

0.50  j 

0.49 


NO.  OF  UBINE 


12 

12  4-  20%  serum... 
13 

13  -h    5%  dextrose. 

13  4-  10%  dextrose. 
14 

14  4-    5%  dextrose. 

14  4-  10%  dextrose. 
15 

15  4-    5%  dextrose. 

15  4-  10%  dextrose. 
16 

16  4- 
16 -h 
17... 

17  4- 
17  4- 
18... 

18 -h 
18 -h 
19... 

19  4- 
19  4- 


5%  dextrose. 
10%  dextrose. 


5%  dextrose. 
10%  dextrose. 


5%  dextrose. 
10%  dextrose. 


5%  dextrose. 
10%  dextrose. 


0.82 


0.58 


0.65 


0.68 


0.47 


0.8f 


0.76 
0.75 
0.57 
0.57 
0.57 
0.83 
0.83 
0.86 
0.62 
0.62 
0.62 
0.70 
0.70 
0.69 
0.71 
0.70 
0.71 
0.46 
0.46 
0.47 
0.82 
0.80 
0.81 


ON  THE  NATURE  OF  THE  IODINE-CONTAINING 
COMPLEX  IN  THYREOGLOBULIN. 

By  FRED  C.  KOCH. 

(From  the  Hull  Laboratories  of  Biochemietry  and  Pharmacology ^  University 

of  Chicago,) 

(Received  for  publication,  January  27,  1913.) 

In  this  paper  are  given  the  results  of  an  attempt  to  determine 
the  nature  of  the  active  complex  in  the  iodine-containing  active 
principle  of  the  thyroid  gland.  Although  the  nature  of  this  group 
was  not  determined,  the  quantitative  physiological  results  here 
rex)orted  serve  to  establish  certain  predicted  and  other  unexpected 
facts  and  to  eliminate  certain  hitherto  considered  probabilities. 

The  problem  was  taken  up  both  by  analytical  and  by  synthetic 
methods.  In  the  former  method  the  physiological  activity  and 
iodine  content  of  the  dried  thyroid  tissue,  the  globulin  therefrom 
and  various  products  of  hydrolysis  from  this  globuUn  were  deter- 
mined quantitatively.  In  the  second  method  two  iodized  amino- 
acid  derivatives,  not  previously  tested  by  quantitative  methods, 
were  prepared  synthetically  and  their  physiological  activity  stud- 
ied quantitatively. 

In  thus  tracing  the  active  complex  a  number  of  important  as- 
sumptions were  made.  First,  that  the  activity  of  unaltered  thy- 
roid tissue  depends  quantitatively  on  its  iodine  content.  Second, 
that  the  best  method  known  for  measuring  this  activity  directly 
and  quantitatively  is  the  Reid  Himt  acetonitrile  test.^  Third, 
that  in  case  the  iodine  is  present  in  the  products  of  hydrolysis  in 
the  same  combination  as  in  the  globuUn  then,  per  unit  of  iodine, 
these  will  still  possess  an  activity  comparable  with  the  original 
globuUn.  Fourth,  that  in  case  the  iodine  complex  is  an  iodized 
amino-acid  and  that  in  case  this  is  decomposed  in  the  process  of 
hyc^^olysis  then  the  synthetic  preparation  of  various  iodized 
amino-acids  or  derivatives  thereof  and  the  quantitative  testing  of 

1  This  Journal,  i,  p.  33,  1905. 
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these  per  unit  of  iodine  may  determine  the  probable  nature  of  the 
iodine  complex.  In  other  words,  the  actual  quantitative  phyao- 
logical  activity  per  unit  of  iodine  as  measured  by  the  Reid  Hunt 
method  was  taken  as  the  crucial  test  for  the  presence  or  absence 
of  the  unaltered  iodine  complex. 

The  historical  development  of  the  relation  of  thyroid  activity 
to  iodine  content  need  not  be  considered  at  this  time,  especially 
in  view  of  the  thorough  reviews  and  extensive  confirmatory  experi- 
ments made  by  Reid  Hunt  and  A.  Seidell,*  as  well  as  the  compara- 
tive histological  and  chemical  studies  by  Marine  in  coop&tition 
with  Lenhardt  and  Williams.'  A  careful  study  of  these  papers 
justifies  the  first  assiunption.  The  second  assumption  is  also 
well  taken  provided  the  proper  precautions  are  observed  as  shown 
by  Reid  Hunt  and  A.  Seidell.^  Other  methods  for  testing  the 
physiological  activity  of  thyroid  substance,  based  on  changes  in 
blood  pressure,*  on  increasing  the  irritability  of  the  depressor 
nerve,*  on  changes  in  nitrogen  metabolism'  and  on  curative  effects 
in  cretinism*  have  been  employed,  but  are  not  applicable  in  a 
quantitative  study,  nor  are  they  as  specific  reactions. 

Of  the  third  and  fourth  assumptions  we  had  no  definite  proof. 
The  studies  of  Oswald*  and  others  show  that  during  hydrolysis 
of  thyreoglobulin  only  30  per  cent  or  less  of  the  iodine  remains 
in  organic  combination.  The  iodine  thus  combined  is  in  the  vari- 
ous fractions  and  qualitatively  it  has  been  determined^®  that  prob- 
ably the  greater  activity  remains  in  the  more  complex  products 

s  Bulletins  47  (1908)  and  69  (1910)  of  the  Hygienic  Laboratory,  U.  S.  Pub- 
lic Health  and  Marine  Hospital  Service. 

» Johns  Hopkins  Hospital  Bull.,  xviii,  p.  359,  1907;  Joum,  Inf,  Dw.,  i^, 
p.  417,  1907;  Archives  of  Internal  Med.,  i,  p.  349,  1908;  Ibid.,  iii,  p.  66, 1900; 
ibid.,  iv,  p.  440,  1909;  ibid.,  vii,  p.  606,  1911;  ibid.,  viii,  p.  266,  19U; 
Journ.  of  Exp.  Med.,  xiii,  p.  455, 1911. 

*  Loc.  cit.;  Journ.  of  Pharmacol,  and  Exp.  Ther.,  ii,  p.  16,  1910. 

*  von  Ftlrth  and  Schwarz :  PflOger^s  Archiv,  cxxiv,  p.  113,  1908. 

*  von  Cyon  and  Oswald:  Pfliiger*s  Archiv,  Ixxxiii,  p.  199,1901;  Asher  and 
Flack:  Zeitschr.  f.  Biol.,  Iv,  p.  83,  1910. 

'  Baumann:  Zeitschr.  f.  physiol.  Chetn.,  xxi,  p.  487,  1896;  ibid.,  xxii,  p.  If 
1896;  MUnch.  med.  Wochenschr.,  xl,  1896. 

» E.  Pick  and  F.  Pineles:  Zeitschr.  f.  ezp.  Path.  u.  Ther.,  vii,  p.  518,  1M9- 
10. 

*  Arch.f.  exp.  Path.  u.  Pharm.,  Ix,  p.  116, 1908. 
*Tick  and  Pineles:  loc.  cit. 
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of  hydrolysis  where  also  the  greater  part  of  the  organically  com- 
bined iodine  is  found.    What  relation  the  activity  bears  to  the 
iodine   content  thereih  has  however  not  been  determined.    As 
stated  above  we  have  evidence  that  some  of  the  iodine  is  split 
off  as  iodide,  but  we  have  no  direct  evidence  that  all  the  organ- 
ically combined  iodine  found  in  the  products  of  hydrolysis  is  still 
in  the  same  complex  or  in  the  same  structural  relationship  as  in  the 
original  thyreoglobulin.    A  nimiber  of  iodized  amino-acids  have 
been  studied  quaUtatively  as  to  physiological  activity.    In  no 
case  has  thyroid  activity  been  detected.    The  most  conclusive 
results  as  to  the  inactivity  of  3,5-iodo-laevo-tyro8ine  are  those 
reported  by  Strouse  and  Voegtlin.**    Other  observations  on  the 
inactivity  of  various  iodized  proteins,  which  on  hydrolysis  yield 
3,5-iodo-t3Tosine,  also  bear  out  these  conclusions.    The  studies 
on  other  iodized  amino-acids  do  not  lead  to  definite  conclusions. 
Thus  von  Ftirth  and  Schwarz'*  prepared  and  studied  what  they  con- 
sidered iodized  phenylalanine,  histidine  and  tryptophane.    They 
reported  all  these  substances  as  physiologically  inactive,  but  gave 
no  data  indicating  that  they  had  really  separated  iodo-deriva- 
tives  of  these  substances.    Pauly^*  however  actually  separated' 
pure  tetra-iodohistidine  anhydride  and  tri-iodo-imidazol  and  re- 
ported that  these  substances  increased  the  respiratory  and  pulse 
frequencies,   although  uniodized  imidazol  had  no  such  action. 
These  considerations  lead  us  to  conclude  that  for  the  present  the 
validity  of  the  third  and  fourth  assumptions  is  unknown  to  us  and 
that  the  true  answers  thereto  are  part  of  the  problem  in  hand. 

EXPERIMENTAL  PABT. 

The  mode  of  attack  has  already  been  outlined  above.  The 
details  as  to  the  methods  employed  and  the  preparation  of  the 
substances  studied  are  given  below. 

A,  Preparations. 

Dried  hog  thyroids.  Hog  thyroids"  were  freed  mech^ically  from  fat 
as  much  as  possible  and  dried  on  glass  plates  in  a  current  of  air  at  30-35°C. 

"  Joum,  ofPhann,  and  Exp.  Ther.,  i,  p.  123, 1909. 
"  PflUger's  Archiv,  cxxxiv,  p.  113,  1968. 
*'  Ber,  d,  deiUsch.  chem.  Gesellsch,,  xliii,  p.  2243,  1910. 
"  The  raw  material  for  this  research  was  supplied  by  the  Armour  Labora- 
tory Department. 
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Phosphoiungatic  acid  precipitate.  Another  40  grains  of  th3rreoglobulin 
were  boiled  with  25  per  cent  phosphoric  acid  for  ninety-three  hours.  The 
filtrate  from  the  meianoidin  precipitate  and  metaprotein,  after  removal  of 
the  phosphoric  acid  by  Ba(OH)t  and  the  excess  of  barium  by  sulphuric  acid, 
was  concentrated  imder  diminished  pressure  to  about  250  cc.  This  was 
then  freed  from  proteose  and  peptone  by  the  Kutscher  tannin  method.^* 
The  filtrate  finally  obtained  here  after  removal  of  the  excess  of  lead  was 
boiled  ^with  BaCOi  to  remove  the  ammonia.  The  dissolved  bariimi  was 
again  removed  by  sulphuric  acid.  The  filtrate  after  acidifying  with  H2SO4 
to  5  per  cent  strength  was  precipitated  wfth  phosphottmgstic  acid  in  the 
usual  way.  The  precipitate  after  thorough  washing  with  2.5  per  cent  phos- 
photungstic  acid  solution  was  freed  from  phosphotungstic  acid,  bariimi  and 
sulphate  in  the  usual  way.  Duplicate  determinations  on  the  dry  amino- 
acid  mixture  gave  0.0107  per  cent  and  0.0093  per  cent  iodine. 

Another  phosphotungstic  acid  precipitate  from  a  hydrolysis  by  H1SO4 
was  worked  up  in  the  same  way.  This  dry  residue  contained  0.0068  per  cent 
iodine.  The  two  samples  were  mixed  and  designated  as  P.T.A.  Ppt.  1. 
This  mixture  contained  0.0073  per  cent  iodine. 

Phosphotungstic  add  filtrate  (1).  This  was  freed  from  phosphotungstic 
acid  in  the  usual  way.  The  amino-acid  solution  was  evaporated  to  dryness. 
Duplicate  determinations  on  the  dry  amino-acid  mixture  gave  0.0024  per 
cent  iodine. 

Phosphotungstic  acid  precipitate  {B),  This  was  obtained  in  the  same  way 
as  the  above  from  the  partial  hydrolysis  by  10  per  cent  sulphuric  acid  of 
141.6  grams  of  thyreoglobulin  containing  0.511  per  cent  iodine.  The  puri- 
fied dry  residue  by  analysis  contained  0.0043  per  cent  iodine. 

Phosphotungstic  acid  filtrate  {£).  The  filtrate  from  the  above  was  treated 
in  the  usual  way.  The  dry  purified  amino-acid  mixture  left  gave  in  dupli- 
cate determinations  0.0045  and  0.0043  per  cent  iodine. 

Tetra-4odohistidine  anhydride,  Histidine  was  prepared  from  ox  erythro- 
cytes by  the  method  of  Frankel.*^  Various  methods  were  employed  in 
trying  to  iodize  the  dichloride  or  the  base  itself  but  in  no  case  were  there 
indications  of  true  absorption  of  iodine,  but  rather  decomposition  of  the 
histidine.  While  this  work  was  under  way  Pauly**  published  his  obser- 
vations with  the  same  conclusions  as  to  the  difficulty  or  inability  to  iodize 
histidine  directly.  At  the  same  time,  as  stated  above,  he  published  his 
observations  on  tetra-iodohistidine  anhydride.  Following  the  methods 
given  by  Pauly*'  the  preparation  of  the  methyl  ester  of  histidine  dichloride 
was  carried  out  and  from  this  the  histidine  anhydride  by  the  Pauly 
modification**^  of  the  Fischer  and  Zuzuki  method.  The  histidine  anhydride 
was  recrystallized  from  hot  water  a  number  of  times  to  obtain  the  more 

"  Zentralbl.  f.  Physiol.,  xix,  p.  504,  1905. 

"  MonaUh.f,  Chem.,  xxiv,  p.  230, 1903. 

*•  Ber.  d.  deutsch.  chem,  Qesellsch.,  xliii,  p.  2243,  1910. 

^*  Zeitschr.  f.  physioL  Chem.,  Ixiv,  p.  75,  1910. 

*•  Loc.  'cit. 
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readily  soluble  lacvorotatory  fonn.  This  was  thi 
the  Pauly  inethi>d.  One  determination  on  the  Hnoi 
per  cent  iodine  (theoretical  65  per  cent).  The  ali 
be  due  to  an  admixture  of  a  small  amount  of  di-ioi 
lodited  tryptophant.  Tryptophane  was  prepared 
by  the  Hopkins-Cole  method."  Several  attempt 
the  pure  crystals  by  the  method  of  Neuberg,"  but  id 

obtained  containing  more  than  6.3  per  cent  iodine.  The  preparation  finally 
made  for  physiological  testing  was  obtained  by  dissolving  one  milligrain 
molecule  of  tryptophane  in  4  ci.  of  J  NaOH,  cooling  by  immersing  in  i« 
water  and,  while  keeping  cool  and  stirring  well,  adding  drop  by  drop  6  cc. 
of  aqueous  n  iodine  solution.  The  mixture  was  allowed  to  stand  at  ice  boi 
temperature  for  twenty-four  houts,  then  filtered  off.  The  precipitate  wu 
well  washed  with  cold  water  and  dried  oversulphuric  acid  in  a  vacuum  dene- 
cator.  The  product  obtained  ie  light  brown  in  color,  readily  soluble  in  alka- 
lies, reprecipitated  on  acidifying  and  liberates  a  very  small  amount  of  iodior 
to  chloroform  on  shaking  therewith.  Duplicate  determinations  on  this 
gave  41.S  and  41.9  per  cent  iodine  (the  theoretical  for  mono-  and  di-iodo- 
tryptophane  are  38.4  per  cent  and  55.7  per  cent  respectively). 

B.  Method*. 

Determination  o}  iodine.  The  Hunter"  method  with  slight  modificalion^ 
was  employed.  The  material  to  be  analysed,  taken  in  quantities  of  0.(6- 
2  grams  was  mixed  with  15  grams  of  fusion  mixture  and  covered  with  10 
grams  of  fusion  mixture  as  suggested  by  Hunter.  To  conduct  the  fusion  thr 
Roger's  ring  burner  was  found  to  be  much  more  satisfactory  in  ensuring  a 
uniform  rapid  heating  without  overheating.  With  the  siseof  theflsmconn 
determined  one  finds  ten  minutes  to  be  ample  time  to  give  a  satisfsttory, 
easily  removable  fusion.  In  the  treatment  with  alkaline  hypochlorite  it 
was  considered  best  to  warm  to  40*^.  for  ten  minutes.  In  acidifying  ii  >■ 
very  important  to  make  sufficiently  acid  and  then  always  to  the  same  degref . 
Sulphuric  acid  of  26  per  cent  strength  was  used  here  and  since  the  siin* 
amounts  of  fusion  mixtures  and  hypochlorite  were  used  in  each  esse  the 
acidity  was  well  controlled  by  always  adding  the  same  amount  of  Mi<l< 
In  removing  the  excess  of  chlorine' gentle  boiling  was  continued  for  (ortf 
minutes  after  the  negative  test  of  the  vapors  by  starch  iodine  paper.  In 
this  way  the  blank  test  on  the  reagents  never  was  more  than  0.1  cc.  of  » 
,^5  NaA0,.5H^  solution. 

Pky^ologic<d  teslittg  by  the  Hunt  method.  The  method  employed  was  (bal 
of  feeding  the  some  quantity  of  iodine,  in  the  different  t»>mbinatiDDS.  it> 
white  mice  in  such  a  manner  as  to  make  as  certain  as  possible  the  entire 
ronsumption  of  the  material  fed.    In  order  to  do  this  each  mouse  wm  6"^ 

>'  Journ.  «/  Physiol.,  \ivil,  p.  418.  1901. 
»  Bioehcn.  ZeUschr.,  vi.  p.  276,  1907. 
" This  Journol,  vii,  p.  32J,  1910. 
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fed  for  three  or  f  )ur  days  with  cracker  dust  made  into  pellets  of  known 

weight.    At  the  close  of  this  preliminary  feeding  the  unconsumed  material 

was  weighed  and  from  this  the  average  amount  eaten  per  day  determined. 

For  ten  days  following  this  period  each  mouse  then  received  this  weight 

of  cracker  dust,  with  the  incorporated  iodine-containing  substance,  in 

the  form  of  pellets.    The  control  mice  were  fed  in  the  same  way  with 

plain  cracker  dust  pellets.    At  the  end  of  the  IQ-day  feeding  period  -the 

acetonitrile  was  injected  subcutaneously.    Each  dose  administered  in 

series  I,  II  and  III  was  contained  in  1  cc.  of  fluid ;  in  series  IV-IX,  in  0.5 

cc. ;  in  series  X,  in  0.66  cc.    In  most  case?  the  animals  consumed  the  food 

very  well.    All  the  mice  used  were  raised  in  the  laboratory  building  on  a 

diet  of  milk  and  crackers  with  occasional  bits  of  lettuce  until  used  for  the 

experiment.    Care'  was  taken  to  compare  mice  of  as  nearly  the  same  age  as 

possible.    In  the  tables  below  the  litter  number  of  each  mouse  is  given. 

The  ages  of  the  mice  of  the  various  litters  were  as  follows :  Lit^r  2, 119  days; 

litter  3, 102 days;  litter  4, 100  days;  litter 5, 80 days;  litters  6  and  10, 99  and 

113  days  respectively;  litter  9,  115  days;  litters  11-12,  125  and  135  days 

respectively;  litters  13-14, 144  and  151  days  respectively;  litter  28,  85  days; 

litters  29-30, 59  and  66  days  respectively;  litters  31, 32  and  34, 95, 85  and  97 

days  respectively;  litters  33-35, 101  and  89  days  respectively;  litters  36-37, 

89  dajrs;  litter  38,  79  days;  litters  66-60,  91-103  days. 

C.    Discussion  of  the  physiological  ksts. 

Thyreoglobulin.  Series  I  ishows  that  thyreoglobulin  possesses 
the  full  activity  per  unit  of  iodine  when  compared  with  the  dried 
thyroid  from  which  it  was  prepared.  This  is  also  confirmed  by 
series  IV  where  a  decomposition  product  obtained  from  the 
globulin  still  shows  the  complete  activity  per  unit  of  iodine. 
The  whole  of  the  physiological  activity  of  the  gland  is  therefore 
quantitatively  in  the  thyreoglobulin. 

Metaprotein.  As  stated  above,  this  still  shows  the  full  activity 
per  unit  of  iodine  although  the  percentage  concentration  of  iodine 
has  increased  from  0.465  per  cent  •in  the  thyreoglobulin  to  1.52  per 
cent  in  the  metaprotein. 

lodothyrin.  None  of  the  iodothyrin  preparations  tested  was 
found  to  bring  about  a  resistance  to  acetonitrile  more  than  three- 
fourths  of  that  produced  by  the  thyroid-tissue  fed  mice.  The  indi- 
cations are  that  these  preparations  are  all  about  equaUy  inactive, 
lodothyrin  is  therefore  less  active  per  unit  of  iodine  than  the  thyreo- 
globulin.   See  series  III  and  V. 

Primary  aJbumose,  This  is  still  very  active,  as  shown  by  series 
IV  and  VII ;  although  i  he  full  activity  per  unit  of  iodine  is  not 
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shown  to  be  present  in  every  case  tested.  I 
may  be  mentioned  that  the  results  in  series  ^ 
This  series  VI,  however  is  an  illustration  of  i 
in  all  probability  to  impure  acetonitrile.  Tl 
taken  from  a  freshly  opened  bottle  and  foum 
of  hydrocyanic  acid.  Before  using,  it  was 
saturated  potassium  carbonate  solution,  deh 
and  twice  distilled  from  fresh  FtOi.  Finally  it 
the  fraction  collected  between  79  and  SS^C. 
used  in  series  VI.  For  the  later  series  this 
purified  in  the  same  way  three  times  and  fins 
without  the  addition  of  F1O&.  Here  the  dist 
between  80.5  and  SLS^C. 

Secondary  aBmmose.  This  is  much  less  acti^ 
than  either  the  iodothyrin  preparations  or  the 
Series  VII  shows  this,  where  the  maximum  d< 
40  per  cent  of  the  maximum  dose  resisted  bi 
fed  mice. 

Amino-acids  from  the  phosphotungslic  acid 
phospholungslic  acid  jUlrale  respectively.  The 
indicate  that  the  former  possess  ver;  little  pi 
as  measured  by  the  Hunt  method.  On  the  ^ 
results  here  are  very  unsatisfactory  as  the  m 
amino-acid  mixtures  well,  there  being  two  or 
left.  The  results  indicate  that  these  amino-ac 
very  little  thyroid  activity.  This  is  better 
where  only  one-tenth  the  quantity  of  iodine-co 
was  fed.  Although  the  mice  fed  with  dried  th; 
an  amount  over  two  and  a  half  times  that  of  tl 
the  mice  fed  with  the  same  amotint  of  iodine, 
amino-acids,  resisted  very  little,  if  any,  more 
than  the  control  mice.  In  other  words,  these  1 
show  a  very  slight  physiological  activity,  if  i 
any  activity  whatever. 

Telra-iodohislidine  anhydride  and  iodolryplo 
stances  when  fed  in  amounts  representing  tet 
of  iodine  fed  as  thyroid  tissue  do  not  appre 
resistance  to  acetonitrile.    See  series  II  and  V 
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Table  II  gives  a  summary  of  the  results  above.  The  relative 
physiological  activity  is  expressed  (on  the  basis  of  feeding  the  same 
amount  of  iodine  in  each  case)  as  follows:  representing  in  each  case, 
by  100,  the  largest  dose  of  acetonitrile  from  which  the  thyroid- 
tissue  fed  mice  recovered,  then  the  other  figures  represent  the 
pro{x>rtions  the  limiting  doses  of  the  otherwise  fed  mice  bear  thereto. 

TABLE  n. 


Thyroid  tissue 

Thyreoglobulin 

Metaprotein 

lodothyrin 

Primary  albumose 

Secondary  albumose. .' 

Amino-acids  precipitated  by  phoe- 

photungstic  acid 

Amino-acids  not  precipitated  by 

phosphotiingstic  acid 

Tetra-iodohistidine  anhydride 

lodotryptophane 


▲cnrzTT 


100 
100 
100 
50-75 
80-100 
40 

0(+?) 

0(+?) 
0 
0 


lOOINK  IN  THB 
B17B8TAMCK 


peretrU 

0.247 
0.465 
1.520 
4.46-7.51 
0.220 
0.0695 

0.0043 

0.0044 
65.00 
41.70 


TOTAL lODZNS 
nr  THB  TIflBUB 


percent 

100  ..0 

100.0 

13.2 

18.3 

3.5 

1.5 


These  results  show  that  both  the  thyroid  activity  and  iodine 
may  be  concentrated  from  thyroid  tissue  in  the  thyreoglobulin 
as  well  as  in  the  metaprotein  and  iodothyrin  from  the  latter.  Per 
unit  of  iodine,  however,  we  have  full  activity  retained  in  the  thyreo- 
globulin and  metaprotein  only.  In  the  primary  albumose  frac- 
tion we  have  a  lowering  in  the  percentage  concentration  of  iodine 
and  also  a  slight  lowering  in  the  physiological  activity  per  unit 
of  iodine.  In  the  secondary  albumose  this  is  still  more  marked. 
In  the  amino-acid  fractions  the  activity  is  extremely  low  if  present. 
in  view  of  the  researches  of  Hunt  and  Seidell  with  various  iodine 
compounds  and  in  view  of  the  results  obtained  here,  we  cannot 
attribute  the  protective  action  in  any  of  these  cases  to  iodine  itself, 
but  to  a  specific  iodine-containing  complex  in  the  thyreoglobulin. 
It  is  significant  to  note  that  the  highest  physiological  activity  per 
unit  of  iodine  is  found  in  the  original  protein  and  in  the  more  com- 
plex products  of  hydrolysis.  Since  the  lowest  products  of  hydroly- 
sis are  still  less  active  per  unit  of  iodine  than  the  secondary  albu- 
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moae  it  indicates  either  that  the  iodine  gr 
hydrolysis,  or  that  the  iodine-contuning  gn 
combination  or  when  separated,  does  not  po! 
thyroid  activity.  That  the  iodine-containii 
separated  would  not  possess  the  full  activity 
but  we  would  be  inclined  to  expect  it  to 
at  least  when  given  in  amounts  such  as  were 
and  Voegtlin  with  iodotyrosine  and  by  the 
ments  with  tetra-iodohistidine  anhydride  a 
The  indications  as  lo  the  presence  of  tyrosin 
iodothyrin  are  very  favorable,  both  from  th( 
iodothyrin  and  also  from  simDar  studies  on 
dins.^  It  is  not  hkely  that  the  iodine  is  sp 
added  to  the  melanoidin  fraction;  it  is  more  li 
present  in  the  globulin  in  the  melanoidin-^or 
mains  in  the  pri^nal  position  in  these  groupi 
themselves  are  changed  in  regard  to  each  oth< 
ity  affected  to  some  Kcteut;  a  poly-iodo  derivi 
to  a  mono-iodo  derivative  and  then  may  she 
in  physiological  activities!  If  this  were  nc 
expect  artificially  iodized  melanoidins  to  8h( 
activity.  Furthermore,  it  is  not  likely  tha 
acid  is  split  off  in  the  early  stages  of  the  hydro 
iodine  as  is  contained  in  the  melanoidin  fre 
not  at  all  improbable  that  we  here  have 
iodophore  group  just  as  in  hemoglobin  we  h 
group  containing  the  iron.  The  negative  n 
iodized  proteins  speak  strongly  in  favor  of  th 

CONCLDSION8. 

1.  The  full  activity  of  thyroid  tissue  is  cor 
globulin  fraction  when  this  activity  is  me; 
method. 

2.  The  full  activity  per  iodine  unit  is  still 
protein  fraction  from  this  globulin,  althoug 
in  the  metaprotein  fraction  has  been  increase 
of  the  globulin  itself. 

'*  Samacly;  Hofmeiiler'a  BeilrAge,  ii,  p.  355, 1902. 


Fred  C.  Koch  iii 

3.  The  other  products  of  the  hydrolysis  studied,  primary  albu- 
mose,  iodoth3Tin  and  secondary  albumose,  show  a  gradual  decrease 
in  activity  per  unit  of  iodine  in  the  order  given. 

4.  The  amino-acid  fractions  precipitated  and  not  precipitated 
by  phosphotungstic  acid  from  the  partially  hydrolyzed  thyreo- 
globulin still  contain  very  small  amounts  of  iodine  and  per  unit 
of  iodine  are  either  extremely  low  in  activity  or  entirely  inactive. 

5.  Tetra-iodohistidine  anhydride  and  iodotryptophane  do  not 
possess  thyroid  activity  as  determined  by  the  Hunt  method. 

I  wish  to  express  my  thanks  to  Prof.  A.  F.  Mathews  for  sug- 
gestions made  in  the  course  of  the  work. 
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BmiiiES  I.     FebTuary  iS-Morc 


Wrf" 
(6)  9 
(<-)9 
(-0  9 

(fid- 
(g)<f 

W  9 
(0  9 

(J)  9 


(c)j(8er.l),.. 
W)  I  (Ser.I) 

Wcf 

(/)  c? 

(g)d' 

{'')9 

(09 

0')  9 

(fc)o' 

ID  7 

(m)  6  (Ser.I) 


Sbries  II.    April  tl-Ma]/  i 


3 

1  mg.  dried  hog  thy^ 
roid  (-0.00247 
mg.I) 

3 
3 

2 
2 

2 

5 

t 

4 

0.00392  mg.  tctra' 
iodohistidinc  an- 
hydride 

(-0.00247 mg.  I) 

4 

3 
4 
4 

0.0392    mg.    tetra- 
iodohistidine   an- 
hydride 
(=0.0347  mg.  I) 

. 

SERiEa  in.   ^fa1/ 19-19. 


(a)  cf 6-10 

(b)  9 1  6-10 

(<■)  C :  9 

(rfjd- [  9 

■  Sllcht  Uw  In  IntaGiHin, 
t  Nqt  well  whea  injected. 
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Series  III — Continued. 


■ODWC 


(/)9. 


(0  9 . 


(t)<f. 

(0  9  . 
(w)<f 


(n)  9 
(0)9. 
(P)9 


(o)cf. 
(W  <? 


UTTXB  NO. 


m>  DAILY  WITH  OEACUBB 


FATAL 
DOSBOP 

ACXTO- 
NITBILB 


DEATH 

OOCUBBBD 

APTBB 


mff.pargm. 

1  mg.  dried  hog  thy-      3 . 5 
roid  (-0.00247 
mg.  I)  3.2 


0.0424  mg.  iodothy-      2.0 


rin  (a)  (-0.00247 
mg.  I) 


0.0329  mg.  iodothy-   <2.5 


rin  (6)  (-0.00247 
mg.  I) 

0.0554  mg.  iodothy- 
rin  (c)  (-0.00247 
mg.  I) 


3.0 


hn. 

7 

30 

8 
2 


DOflBOP 

ACBTO- 

NITBILB 

PBOM 

wncH 

BBCOTBBT 
OOCXTBBBD 


triQ.  p€T  Qfn, 


2  9 


2.5 


died  while  feeding 
died  while  feeding 


died  while  feeding 


8 


1.5 


15 


Series  IV.    June  19-29. 


(o)c?* 

11-12 

(4)  9 

11-12 

w  <? 

M)  9 

11-12 
11-12 

(e)cr 

11-12 

(/)  9 

11-12 
11-12 

t 

(fl)  9 

Mf '       ^ 

(/i)9 

(0  9 

,    11-12 

'    11-12 

1 

1  mg.  dried  hog  thy- 
roids (-0.00247 
mg.  I) 


3.0      '         3 
died  whille  feedin 


0.163  mg.  metapro-t 
tein  (A4)  j 

(-0.00247mg.  I)  I      3.0 


1.123  mg.   primary: 
albumose  (As)       |  died  whille  feedin 
(-0.00247mg.  I)  '  ' 


g 


2  5 
2.0 

2  0 

2.5 


2.5 


g 


Series  V.    August  2-12. 


13-14 
13-14 


(c)9 1    13-14 


(d)9 13-14 

(e)cf !    13-14 

{i)9 13-14 


1  mg.  dried  hog  thy- 
roid (-0.00247 
mg.  I) 


0.0424  mg.  iodothy- 
rin  (a)  (-0.00247 
mg.  I) 


died  whi 


2.8 
died  whi 


le   feedin 


25 

g 
<3  0* 


le  feedin 


g 


2.0 


*  Slight  lo0B  Sn  Injection. 
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Sbribs  V — Continued. 


MOUU 


LITTKBMO. 


(9)  9 
W9 


13-14 
13-14 


I 


( 


rsD  DAILY  wrra  csackkb 

DD0T  PLUS 


I 


PATAL 
DOSS  OF 

ACXTO- 
NITBIUt 


'       DKATB 
.  OOCUSBBD 
AffTSB 


Dots  or 

ACRO- 
XITBQJI 


BBOOmT 


)  mg.  ptr  gm, 


0.0556  mg.  iodothy- 
rin  (c)  («0.00247 
mg.  I) 


2.5 


kn. 


died  whille  feedin^g 


mf.perfm. 


^ 


Series  VI.    November  2J^-December  4. 


(a)  9 ;    29-30 

(6)cf '    29-30 

(c)d^ I    29-30 


1  mg.  dried  hog  thy-      2 . 5 
roids  (=0.00247  3.0 

mg.  I)  2.0 


<24 

<18 


id)  & 
W9. 
(/)cf. 


W9 
(Oc^. 


29-30 

28 
29-30 


28 
28 
28 


1.123  mg.   primary 
albumose  (As) 
(=0.00247  mg.  I) 


died  whi 
2.0 


3.55  mg.  secondary 
albumose  (A«) 
( =0.00247  mg.  I) 


1.5 
2.0 
1.25 


le  feedin 
3e-40 


<  4 

24-36 
20-36 


25 


Series  VII.    January  IS-tS. 


(a)  9 
(6)cf. 
(c)  9. 
(</)cf. 

(e)<f. 
(/)9. 
((7)9. 
(k)  9. 

(Od^. 

0)cr. 

(k)  9. 
(0  9. 


31-34 
31-34 
31-34 
31-34 

31-34 
31-34 
31-34 
31-34 


31-34 
31-34 
31-34 
31-34 


1  mg.  dried  hog  thy 
roid  (-0.00247 
mg.  I) 


1.123  mg.   primary 
albumose  (A«) 
(=0.00247  mg!  I) 


3.55  mg.  secondary 
albumose  (At) 
(=0.00247  mg.  I) 


died  whi 


2.8 
3.0 


2.0 
1.2 
1.0 


le  feeding 


> 
> 


6 
8 


20 
25 
3.0 

2.5 
2.0 


2* 
>  4 

24 


1.2 
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Series  VIII.    February  17-27. 


MOmUB 

• 

LinSBNO. 

rXD  DAILY  WITH  CBACKBB 
DU8TPLX7B 

.1  mg.  dried  hog  thy- 
^     roidfl  (=0.00247 
mg.  I) 

FATAL 
DOflBOP 

AOBTO- 
NITBILK 

mq.  ptr  gm. 

0.55 

4.0 

died  wbi 

3.0 

DEATH 

OCCUBBBD 

APTBB 

Art. 

<18 

2 
ie  feed  in 
6 

>36 

2i 
18 
>24' 

DOBBOF 

ACBTO- 

NITBILB 

FBOM 

WHICH 

BBCOYBBT 

OCCUBBBD 

(a)  9 

33-36 
33-36 
33-36 
3a-36 

mg.pergm. 
0.45 

(6)  9 

0.40 

(c)  9 

0.35 

(d)  9 

(f)cf 

33-36 
3fr-37 
36-^ 
35-37 

{f)d' 

(o)  9 

g 

(A)  9 

2.0 

J 

(t)  cf 

33-35 
3a-35 
36-37 
36-37 

0.0069  mg.  iodotryp- 
>     tophane 

(-0.00247  mg.  I) 

0.65 
1.6 
1.0 
0.45 

1.0 
0.70 

0')d' 

(Jb)  9 

(/)  9 

(w)d" 

(n)cf 

33-35 
3a-35 
33-36 

0.069  mg.  iodotryp- 
tophane 
( -0.0247  mg.  I) 

<  3 

<18 

0.5 

(o)  9 
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Two  OT  more  days  feeding  left.  This  experiment  to  not  relUble  as  animals  were  used  which 
had  reeovered  in  prerloua  eocpMlments  andthe  differences  In  age  were  too  great  for  such  young 
animals. 
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Since  the  publication  of  Knoop's  experiments  on  the  oxidation 
of  phenyl  substituted  fatty  acids  in  the  animal  body,  a  large 
amount  of  work  has  been  directed  to  the  object  of  determining 
the  exact  nature  of  the  intermediate  reactions  involved  in  the 
breakdown  of  fatty  acids  to  the  ultimate  end  products,  carbon 
dioxide  and  water.  It  would  occupy  too  much  space  to  give  a  com- 
plete sunmiary  of  this  work  and  would,  further,  be  needless,  since 
an  excellent  account  of  the  work  has  recently  been  published  else- 
where.* It  is  sufficient  to  say  that  most  of  the  results,  so  far 
obtained,  support  the  hypothesis  that  in  the  catabolism  of  fatty 
acids  the  long  chain  of  carbon  atoms  is  gradually  broken  down  by 
a  successive  series  of  /S-oxidations  involving  the  removal  of  two 
carbon  atoms  at  a  time.  The* first  oxidation  product  is  a  /3-ketonic 
acid  or  possibly  a  /3-hydroxy  acid,  though  much  of  the  evidence 
points  to  the  conclusion  that  /3-hydroxy  acids  are  produced  by 
reduction  of  the  ketonic  acids.  In  some  instances,  the  formation 
of  ot,j8-unsaturated  acids  has  been  observed,  but  whether  they  arise 
by  direct  oxidation  or  indirectly,  by  the  removal  of  the  elements  of 
water  from  a  /3-hydroxy  acid,  is  not  yet  decided.  Most  of  these 
exceedingly  interesting  results  have  been  obtained  by  observations 
on  the  fate  of  phenyl  or  furfuryl  derivatives  of  the  lower  fatty 
acids  and  it  has  been  assumed  that  the  same  series  of  changes  is 
the  one  which  represents  the  mode  of  oxidation  of  the  higher  fatty 
acids  when  they  are  utilized  as  a  source  of  energy  in  the  animal 
body.  This  assumption  receives  support  from  the  fact,  estab- 
lished by  Embden  and  his  co-workers,  that  on  perfusion  of  a  sur- 
viving liver  with  blood  containing  caproic,  octoic  or  decoic  acids, 

*Dakin:  Oxidations  and  Reduclions  in  the  Animal  Body,   Longmans, 
Green  and  Company,  1912. 
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flceto-acetic  acid  was  produced, 
increased  amount  of  acetone  obtal 
of  the  experiment,  whereas  acids 
carbon  atoms  gave  no  aceto-aceti 
"acetone  bodies"  In  the  urine  in  hi 
may  also  be  accepted  as  evidence 
tion,  since  in  these  conditions  it  is 
used  up  in  relatively  large  quantiti 
fact  that  in  such  conditions, 'and 
ones,  the  hver  often  contains  a  lar) 
has  been  taken  to  indicate  that  it  r. 
comes  when  it  is  to  be  oxidized,  s 
the  body  do  not  exhibit  this  fatty  i 
same  extent.  When,  however,  we 
the  fat  in  the  normal  liver,  it  is  f 
amoimt  of  unsaturated  fats  than  1 
correctly,  the  fat  of  the  liver  taken 
than  the  connective  tissue  fat.  Th 
oi^ans,  such  as  the  kidney  and  h 
quite  so  marked.  The  exact  mes 
unsaturated  acids  is  not  yet  cleai 
highly  unsaturated  acids  indicate 
the  normal  breakdown  of  fat  in  ti 
stage  in  the  synthesis  of  fat  or  are  1 
of  the  protoplasm  of  the  cell  which 
not  directly  associated  with  the  ci 
selves? 

With  the  knowledge  at  present  a 
directly  to  answer  any  of  these 
the  object  of  trying  to  clear  away  i 
present  work  was  started.  We  kn 
of  fats  in  the  liver  that  the  second  p< 
be  put  to  the  proof.  If,  however, 
that  fatty  acids  are  synthesized  bj 
hyde,  with  coincident  oxidation  an 
st^e,  then  it  is  ea.sy  to  understan 
arise  in  such  a  proce-ss  by  removEd 
the  hydroxy  aldehydes  or  acids  fo 
aldehyde  or  acid  loses  water  and  i 
hyde  or  acid  as  the  case  may  be. 
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/  CHO  \  /  CHO  \ 

CHa-CHOH-CHt-(   or   I >  CH,-CH=CH-(   or   I 

VCOOH/  VCOOH/ 

Some  interesting  experiments  on  the  formation  and  distribution 
of  the  unsaturated  acids  in  the  liver  have  been  carried  out  by 
Leathes  and  his  co-workers.*  It  has  been  shown  that  the  fatty 
acids,  contained  in  the  lipoid  substances  of  liver,  are  as  a  rule  more 
unsaturated  than  those  present  as  glycerides,  so  that  it  seems  prob- 
able that  some  of  the  unsatm-ated  acids  are  destined  to  be  built 
up  into  phosphatides  and  it  is  possible  that  the  liver  may  be  spe- 
cially concerned  in  their  manufacture.  In  a  further  series  of  experi- 
ments, in  which  animals  (rats  and  cats)  were  fed  with  oils  having  a 
high  iodine  value,  it  was  found  on  examination  of  the  fat  from  the 
various  organs  that  the  liver  fatty  acids  had  a  higher  iodine  value 
than  that  of  the  oil  administered,  no  such^change  being  observed 
in  the  fat  from  the  other  organs.  The  amount  of  fat,  too,  in  the 
liver,  appeared  to  be  larger  than  normal  in  some  cases  and  this 
also  was  true  to  some  extent  of  the  spleen.  From  these  experi- 
ments it  was  concluded  that  **the  liver  takes  up  fat  conveyed  to 
it  by  the  blood  and  changes  the  fatty  acids  in  such  a  way  as  to 
increase  their  power  of  absorbing  iodine.  This  may  be  interpreted 
as  due  either  to  the  introduction  of  new  unsaturated  linkages,  or  to 
the  transposition  of  existing  ones  from  situations  in  which  they  are 
less  Uable  to  saturation  by  halogens  to  others  in  which  they  are 
more  so."  Another  possibiUty  may  be  added,  namely,  that  Ihe 
liver  has  some  selective  affinity  for  the  highly  unsaturated  acids 
and  takes  them  up  in  preference  to  the  more  saturated  ones. 

.  The  work  described  in  the  present  paper  was  undertaken  with  the 
object  of  determining  definitely,  if  possible,  whether  saturated 
higher  fatty  acids,  when  taken  up  and  metabolized  in  the  liver, 
became  unsaturated,  as  it  was  thought  that  this  would  tell  us 
whether  the  phenomena  observed  by  Leathes  and  Meyer- Wedell 
were  due  to  a  selective  affinity  of  the  liver  for  unsaturated  acids. 
In  order  to  accomplish  this,  it  was  necessary  to  have  carried  to  the 
liver  some  saturated  acid  that  could  be  separated  subsequently 
from  the  acids  normally  present  in  the  liver  and  examined  with 
respect  to  its  power  of  combining  \vith  iodine. 

'  Kennaway  and  Leathes:  Proc.  Roy.  Soc.  Med.,  1909;  Leathes  and  Meyer- 
Wedell:  Proc,  Physiol.  Soc,  1909. 


I20  Hepatic  Functions  in  Fat  Metabolism 

In  view  of  Friedmann's  results'  on  the  fate  of  meth\1ated 
amino-acids  in  the  organism,  which  showed  that  the  methyl- 
amino  group  in  these  acids  apparently  protected  them  fr^ 
complete  oxidation,  it  was  decided  to  use  phenylamino-«tearic 
acid,  C„Ha-CH(NHC«H6)C00H,  in  the  hope  that,  although  tie 
a-carbon  atom  might  be-  immune  from  attack,  the  ipng  chain 
of  carbon  atoms  might  still  be  open  to  oxidation.  Moreova, 
phenylamino-stearic  acid  is  insoluble  in  petroleum  ether  and  can 
therefore  be  easily  separated  from  the  fatty  acids  normally  presait 
in  the  Uver.  The  acid,  however,  was  not  easily  absorbed,  so  this 
substance  had  to  be  rejected*  Fiuifher,  the  small  amount  of  acid 
absorbed  was  apparently  oxidized  for  none  could  be  foimd  in 
the  liver  or  connective  tissues.  This  was  confirmed  by  examining 
the  urine  for  p-amino-phenol.  After  making  the  urine  alkaline 
with  sodium  carbonate  and  extracting  with  ether,  a  residue  was 
obtained  from  the  ether  which  gave  a  very  strong  indophenol 
reaction.  Enough  was  not  obtained  for  further  identification. 
A  similar  result  was  obtained  when  a-phenylamino-hexoic  add 
was  administered.  In  this  case  4  grams  of  the  acid  given  to  a 
cat  of  3.7  kilos  proved  fatal.  The  phenylamino  group  in  these 
acids  is  therefore  not  immune  from  attack. 

The  next  experiments  were  of  a  different  nature.  Higher  fatty 
acids  substituted  with  bromine  in  the  a-position  were  administered 
and  an  attempt  was  made  to  separate  the  bromo-acids  from  the 
tiss'ue  or  organ  fatty  acids  by  converting  the  former  into  phenyl- 
amino  acids — a  change  which  is  easily  brought  about  by  heating 
them  with  aniline.  The  free  acid,  however,  even  when  mixed 
with  meat,  usually  caused  vomiting  in  cats,  so  this  method  of 
experiment  was  abandoned.  In  one  case,  in  which  a  cat  absorbed 
7  grams  of  the  acid  in  eighteen  hours,  none  could  be  detected  in  the 
liver  or  connective  tissues  by  means  of  aniline. 

The  next  method  chosen  was  the  administration  of  cocoanut 
oil  of  which  about  40  per  cent  of  the  fatty  acids  are  volatile  in 
steam;  these  acids  moreover  do  not  take  up  iodine.  The  method 
adopted  was  to  separate  the  volatile  acids  by  steam  distillation  from 
the  liver  of  animals  to  which  the  oil  had  been  administered  and 
determine  whether  they  had  become  unsaturated  by  estimating 

^  Friedmann:  Beitr.  z.  chem.  Physiol,  u.  Path,,  xi,  p.  158, 
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the  iodine  absorption.  Since  the  small  amount  of  higher  fatty 
acidsy  separated  from  the  fatty  acids  of  a  normal  liver  by  steam 
distillation,  take  up  iodine,  the  method  adopted  had  to  be  a  differ- 
ential one.  Some  of  the  experiments  indicated  that  the  acids 
recovered  in  this  way  from  the  liver  had  acquired  the  property  of 
absorbing  iodine  to  a  slight  extent.  The  effect  was  not  very 
marked  and  it  does  not  appear  to  be  suflSciently  striking  to  prove 
the  assumption  that  the  liver  desaturates  these  acids.  It  is  possi- 
ble, however,  that  only  the  higher  fatty  acids,  with  16,  18  or  20 
carbon  atoms,  undergo  this  action  to  a  marke^  extent,  especially 
if  the  acids  produced  have  to  be  built  up  into  phosphatides. 

The  oil  was  administered  to  the  animals  by  three  methods, 
namely,  by  the  mouth,  by  introducing  soap  solutions  into  the 
small  intestine  and  by  intravenous  injections  of  fine  emulsions  of 
the  oil.  In  the  course  of  the  experiments,  some  interesting  results 
were  obtained  which  have  a  bearing  on  the  selective  functions 
exercised  by  the  liver  in  the  mobilization  of  fat.  Since  cocoanut 
oil  contains  about  40  per  cent  of  acids,  volatile  in  steam,  it  was 
possible  to  estimate,  roughly,  the  total  amount  of  oil  in  the  vari- 
ous tissues,  after  administration  of  a  given  amount  of  cocoanut 
oil  to  an  animal.  Many  factors  influence  the  rate  at  which  vola- 
tile acids  distil  in  steam  so  the  results  are  only  roughly  quantitative. 
Controls  have  shown  however  that  they  are  accurate  enough  to 
enable  one  to  interpret  them  in  the  way  that  has  been  done. 

When  oil  is  given,  mixed  with  food,  it  is  not  absorbed  very  rapidly 
and,  after  short  periods  of  five  to  twelve  hours,  about  6  per  cent 
of  the  oil  absorbed  is  found  in  the  liver.  In  the  connective  tissue 
fat  its  presence  is  just  detectable.  By  infusion  of  cocoanut  oil 
soaps  into  the  intestine  about  30  per  cent  of  the  absorbed  fatty 
acids  is  found  in  the  liver.  The  condition  of  the  intestine  at  the 
end  of  these  experiments  was  very  abnormal,  so  too  much  stress 
cannot  be  laid  upon  the  results.  By  intravenous  injection  of  fine 
emulsions  of  the  oil,  none  of  the  administered  oil  could  be  detected 
in  the  connective  tissues,  but  from  25  to  60  per  cent  was  found  in 
the  liver.  This  remarkable  selective  activity  exhibited  by  the 
liver  in  the  taking  up  of  fat  from  the  circulating  blood  is  probably 
due  in  part  to  the  effect  of  the  anaesthetic.  It  was  found,  for 
instance,  that  a  dog,  which  had  cocoanut  oil  given  by  the  mouth  and 
later  half  a  grain  of  morphia  followed  by  ether  anaesthesia,  had 
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twice  as  much  of  the  oil  in  its  liver  as  dogs  similarly  fed  but  recdv- 
ing  no  morphia  and  ether.  The  amount  of  oil  in  the  liver  was 
however,  even  then,  not  so  great  as  in  a  dog  to  which  the  oil  was 
given  intravenously.  Another  factor  which  probably  has  an  influ- 
ence on  this  selective  action  of  the  liver  is  the  rate  at  which  die 
oil  enters  the  circulation.  In  the  feeding  experiments,  the  oil  was 
absorbed  by  cats,  rarely  at  a  greater  rate  than  0.5  gram  per  hour, 
whereas  in  the  intravenous  injections  it  was  given  at  the  rate  d 
0.77  to  1.37  grams  per  hour. 

Another  factor  yrhich  would  explain  in  part  the  divergence  be- 
tween the  results  of  the  feeding  experiments  and  the  intravenous 
injections  is  the  possibility  that  the  lower  fatty  acids  in  cocoanut 
oil,  for  instance,  capric  and  lauric  acids,  may  be  absorbed,  not  as 
glycerides  but  as  sodium  salts  and  may  not  display  the  same  tend- 
ency to  accumulate  in  the  liver  as  the  glycerides  do.  It  is  obvi- 
ous, when  we  consider  the  absorption  of  the  sodium  salts  of  the 
whole  series  of  fatty  acids,  the  lower  members  of  which  are  ab- 
sorbed without  further  change  and  the  higher  members  largely 
synthesized  into  glycerides  before  entering  the  circulation,  that 
there  must  be  a  gradual  transition  from  one  method  of  absorption 
to  the  other.  It  is  possible  then  that  intermediate  acids,  such  as 
capric  and  lauric,  reach  the  circulation  partly  as  sodium  salts, 
when  their  glycerides  are  introduced  into  the  intestine;  and  since 
these  acids  are  among  those  which  were  used  to  localize  the  cocoa- 
nut  oil  in  the  tissues  because  of  their  volatility  in  steam,  the 
amount  of  volatile  acid  obtained  from  any  organ  would  only  indi- 
cate the  minimum  amount  of  cocoanut  oil  in  that  organ,  because 
the  fat  entering  the  organ  might  contain  a  smaller  percentage  of 
volatile  acids  as  glycerides  than  the  original  cocoanut  oil.  This 
hypothesis  was  tested  by  administering  cocoanut  oil  to  a  dog  and 
collecting  the  lymph  from  the  thoracic  duct  dming  absorption  of 
the  oil.  It  was  found  that  the  mean  molecular  weight  of  the  acids 
present  in  the  l)rmph  as  glycerides  was  much  higher  than  that  of 
the  acids  in  the  oil  given  and  was  still  higher  than  that  theoretically 
calculated  allowing  for  the  fat  normally  present  in  lymph.  The 
divergence  in  results  obtained  in  the  feeding  experiments  and  intra- 
venous injections  may  therefore  be  partly  due  to  the  fact  that  some 
of  the  lower  acids  from  the  cocoanut  oil  enter  the  circulation  as 
sodium  salts  and  consequently  do  not  accumulate  in  the  liver. 
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One  other  possibility  remains  to  be  considered,  namely,  that  the 
fat  taken  up  by  the  liver,  when  fine  emulsions  were  introduced 
intravenously,  was  retained  mechanically  and  the  phenomenon 
was  therefore  purely  one  of  obstruction.  None  of  the  experiments 
disprove  this  conclusively,  as  an  emulsion  has  not  yet  been  obtained 
so  fine  that  a  small  fraction  of  the  fat  given  does  not  remain  in  the 
lungs  or  spleen.  This  occurs  with  emulsions  so  fine  that  the  major- 
ity of  the  fat  particles  are  less  than  2/*  in  diameter  and  certainly  not 
more  than  4^.  The  emulsions  were  injected  into  the  external 
jugular  vein  so  that  all  the  fat  had  to  pass  the  pulmonary  capil- 
laries before  entering  the  systemic  circulation.  In  the  earlier 
experiments,  in  which  the  emulsions  were  not  so  fine  as  in  the  later, 
a  considerable  amount  of  the  fat  remained  in  the  lungs,  the  lung 
capillaries  thus  acting  as  filters  and  retaining  the  larger  particles. 
Of  the  fat  which  finally  entered  the  systemic  circulation,  none 
was  foimd  in  the  connective  tissues,  the  intestinal  mucous  mem- 
brane or  the  kidneys,  whereas  the  liver  contained  30  to  40  per 
cent.  With  the  finest  emulsions,  which  resembled  chyle  in  micro- 
scopic appearance,  less  than  2  per  cent  of  the  oil  given  was  retained 
by  the  lungs  and  less  than  3  per  cent  by  the  spleen,  whereas  25 
per  cent  was  in  the  liver.  It  seems  probable,  therefore,  that  this 
rapid  fatty  infiltration  of  the  liver  by  the  injected  cocoanut  oil 
is  a  phenomenon  identical  with  that  observed  in  conditions  of 
lipaemia,  such  as,  for  instance,  occurs  in  dogs  after  excision  of  the 
pancreas.  There  seems  to  be  every  indication,  therefore,  when 
fat  is  brought  rapidly  into  the  circulation,  that  it  is  taken  up  selec- 
tively by  the  liver.  It  is  hoped  to  make  further  use  of  this  selec- 
tive function,  in  a  manner  similar  to  that  described  in  the  present 
series  of  experiments,  in  order  to  determine  the  changes  which 
occur  in  fatty  acids  other  than  those  of  cocoanut  oil  when  taken 
up  by  the  Uver. 

EXPERIMENTAL  PART. 

The  estimation  of  total  fatty  acids  in  the  liver,  when  carried 
out,  was  done  by  Liebermann's  method  of  direct  saponification, 
and  all  iodine  values  were  determined  by  Wij's  method. 

For  the  separation  and  estimation  of  the  volatile  acids,  the 
organ  was  heated  with  about  its  own  weight  of  50  per  cent  caustic 
potash,  until  complete  solution  was  accomplished,  then  alcohol  was 
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added  and  the  heating  continued  until  saponification  of  the  fat  was 
complete.    The  liquid  was  transferred  to  a  large  flask,  acidified 
with  sulphuric  acid  and  distilled  in  a  current  of  steam;  2.5  litws 
of  distillate  were  collected  in  every  case.    The  distillate  was  m&de 
alkaline  with  caustic  potash  in  order  to  dissolve  the  fatty  adds 
and  then  evaporated  to  small  bulk  on  the  water  bath.    This  resi- 
due was  transferred  quantitatively  to  a  Liebermann  flask  and  the 
fatty  acids  soluble  in  petrolemn  ether  estimated  in  the  usual  way. 
From  a  portion  of  the  fatty  acids  obtained,  the  small  amount  of 
unsaponifiable  matter  usually  present  was  removed  by  converting 
the  acids  into  soaps  in  60  per  cent  alcohol  and  extracting  the  solu- 
tion with  petroleum  ether.    The  purified  fatty  acids  separated 
from  the  soap  solution  by  acidification  and  extraction  with  petro- 
leum ether  then  served  for  the  determination  of  the  mean  molecular 
weight. 

For  the  volatile  acids  from  the  connective  tissues,  a  fair  sample 
of  connective  tissue  from  the  subcutaneous  tissues,  the  om^itum 
and  the  subperitoneal  fatty  tissues  was  taken  and,  after  saponifica- 
tion and  liberation  of  the  fatty  acids,  was  distilled  in  steam,  2.5 
liters  of  distillate  being  collected.  A  control,  obtained  by  adding 
1  gram  of  cocoanut  oil  to  80  grams  of  connective  tissue  fat  and  sub- 
sequent saponification  and  distillation  in  steam,  showed  that  the 
actual  weight  of  volatile  acids  obtained  from  the  connective  tissue 
fat  gave  very  little  quantitative  indication  of  the  amount  of  cocoa- 
nut  oil  present  but  the  mean  molecular  weight  of  the  volatile  adds 
immediately  showed  that  the  presence  of  cocoanut  oil  in  the  con- 
nective tissues  could  be  detected  in  this  way. 

For  the  experiments  on  cats,  four  control  experiments  ware 
carried  out.  Three  with  the  livers  of  normal  cats  without  any 
addition,  and  one  with  a  cat's  liver  to  which  a  gram  of  the  oil  had 
been  added  before  saponification.  Two  controls  were  also  carried 
out  with  dog's  liver  on  similar  lines.  The  results  are  collected 
in  table  I. 

It  will  be  seen,  on  reference  to  this  table,  that  from  a  normal  cat's 
liver,  on  an  average,  109  mgm.  of  volatile  acids  soluble  in  petro- 
leum ether  were  obtained,  with  a  mean  molecular  weight  of  about 
250,  and  these  absorbed  61.4  mgm.  of  iodine.  When  1  gram 
of  cocoanut  oil  was  added  to  the  liver  and  the  subsequent  treat- 
ment was  the  same,  then  the  amoimt  of  volatile  acids  obtained 
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rose  to  424  mgm.  The  iodine  absorbed  by  these  acids  was  49.2 
mgm.  Similarly,  with  roughly  the  same  amount  of  dog's  liver,  123 
mgm.  of  volatile  acids  were  obtained  with  a  molecular  weight  of 
255.5  and  absorbing  65.9  mgm.  of  iodine.  When  cocoanut  oil 
was  added  to  the  same  amoimt  of  the  same  liver,  an  increased 
yield  of  volatile  acids  was  obtained  with  a  corresponding  decrease 
in  their  molecular  weight  and  a  sUght  diminution  in  the  iodine 
absorption. 

Feeding  experiments. 

In  the  experiment  on  cats,  the  oil  was  usually  mixed  with 
minced  lean  meat  or  with  boiled  codfish  which  contain  less  than  1 
per  cent  of  fat.  When  the  animal  was  killed,  the  contents  of  the 
alimentary  tract  were  taken  and  the  fat  estimated,  in  order  to 
gain  some  idea  of  the  amount  of  oil  absorbed.  In  the  experiments 
with  dogs,  the  oil  itself  was  given  by  the  mouth  and  was  usually 
readily  taken.  As  in  the  experiments  with  cats,  the  stomach  and 
intestinal  contents  were  worked  up  to  find  the  amount  of  oil  actu- 
ally absorbed.    The  results  are  collected  in  tables  II  and  III. 

On  reference  to  table  II,  it  will  be  seen  that  more  volatile  acids 
are  obtained  from  the  .liver  than  in  the  control  cats.  In  three 
out  of  the  foiu"  experiments,  the  iodine  absorption  of  the  volatile 
acids  is  higher  than  in  the  controls,  the  most  marked  result  in  this 
direction- being  shown  by  the  cat  which  had  been  receiving  oil  for 
nine  days.  In  this  experiment  the  iodine  absorption  was  50 
per  cent  above  the  control  average.  In  spite  of  this,  the  desatura- 
tion  of  the  volatile  acids  can  only  have  taken  place  to  a  slight  extent, 
as  in  the  most  marked  case,  with  an  iodine  absorption  of  92  mgm., 
it  only  accounts  for  a  rise  in  the  iodine  value  of  the  volatile  acids 
from  0  to  6.  In  all  four  cases  the  mean  molecular  weight  of  the 
volatile  acids  from  the  connective  tissues  is  below  the  control, 
showing  that  some  of  the  oil  had  been  retained  there.  The  result 
is  most  marked,  as  would  be  expected,  in  the  cat  which  has  received 
the  largest  amount  of  oil.  In  the  other  three  cases,  in  which  the 
animal  was  killed  within  twelve  hours  of  administration  of  the  oil, 
if  allowance  be  made  for  the  amount  of  volatile  acids  from  a  normal 
liver,  and  assuming  that  the  amount  of  volatile  acids  obtained  is 
equivalent  to  two  and  a  half  times  its  weight  of  oil,  we  find  that 
between  5  and  6  per  cent  of  the  oil  absorbed  was  in  the  liver. 
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In  the  experiments  with  dogs  (table  III)  the  presence  of  ooooa- 
nut  oil  in  the  liver  is  also  revealed  by  the  amount  of  volatile  acids 
obtained,  but  it  is  not  quite  as  marked  as  in  the  experiments  with 
cats.  The  case  in  which  the  most  notable  increase  in  volatik 
acids  occurred  is  the  one  in  which  the  dog  was  given  morphia  and 
ether  subsequent  to  the  administration  of  the  oil.  In  only  three, 
out  of  the  five  experiments,  is  the  iodine  absorption  above  the 
average  for  the  controls,  being  highest  in  the  dog  which  had  been 
anaesthetized  for  four  and  one-half  hours.  Three  grams  of  ure- 
thane  and  ether  for  only  half  an  hour  appears  to  produce  little  effect 
on  the  accumulation  of  oil  in  the  liver. 

Infusion  of  soap  into  the  intestine. 

The  object  of  these  experiments  was  to  get  rapid  absorption  and 
with  this  the  possibility  of  a  greater  accumulation  of  the  oil  in  the 
liver.  It  was  hoped  thereby  to  get  more  satisfactory  evidence  as 
to  the  desaturation  of  the  saturated  volatile  acids  than  was 
obtained  from  the  feeding  experiments.  In  these  experiments,  cats 
were  used.  Urethane  was  given,  followed  by  ether,  and  cannulae 
were  inserted  into  the  intestine  just  below  the  pylorus  and  just 
above  the  ileo-caecal  valve,  the  lower  cannula  being  fixed  to  a  bu- 
rette. The  solution  to  be  administered  was  injected  periodically 
through  the  upper  cannula,  and  at  the  end  of  the  experiment  the 
intestinal  contents  were  removed  in  order  to  determine  the  exact 
amount  of  fatty  acid  absorbed.  It  was  found  that  whenever  the 
fluid  infused  contained  chiefly  soaps,  the  intestine  at  the  end  of 
the  experiment  was  very  congested  and  the  mucous  membrane  had 
partly  desquamated  so  that  the  condition  of  the  absorbing  area 
had  been  very  abnormal.  On  the  other  hand,  when  emulsions 
containing  fatty  acids  or  free  hydrochloric  acid  were  introduced, 
the  intestine  at  the  end  of  the  experiment  appeared  quite  normal 
and  healthy.  In  spite  of  the  numerous  and  varied  mixtures  intro- 
duced into  the  intestine,  containing  sometimes  oil,  sometimes 
free  fatty  acids  or  soaps,  together  with  bile  salts  and  glycerin, 
and  although  acid,  neutral  and  alkaline  fluids  were  tried,  in  only 
four  of  the  experiments  was  enough  absorption  obtained  to  make  it 
worth  while  searching  for  volatile  acids  in  the  liver.  The  results 
are  collected  in  table  IV. 
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The  experiments  show  that  the  accumulation  of  the  oil  in  the 
liver  was  much  more  marked  than  in  the  feeding  experiments,  the 
amount  varying  between  25  and  33  per  cent  of  the  fatty  acid  given. 
The  iodine  absorbed  by  the  volatile  acids  was  also  higher  than  in 
the  feeding  experiments  and  still  higher  than  in  the  controls. 
These  experiments,  then,  indicate  that  desaturation  of  the  volatile 
saturated  acids  from  the  oil  has  taken  place,  but,  again,  only  to  a 
slight  extent. 

Intravenous  injection  of  emulsions. 

The  object  of  these  experiments,  as  also  that  of  the  previous  set, 
was  to  introduce  fat  rapidly  into  the  circulation  with  the  hope  that 
more  would  be  taken  up  by  the  liver  and  in  consequence  give  a 
better  chance  for  the  detection  of  desaturation  if  it  occurred.  In 
all  the  experiments  performed,  the  amount  of  fat  taken  up  by  the 
liver  was  greater  than  in  the  feeding  experiments,  but  only  slight 
evidence  of  desaturation  was  obtained.  In  the  earlier  experiments, 
the  emulsions  were  relatively  coarse,  and  rather  less  than  half  the 
oil  given  was  retained  by  the  lungs.  These  emulsions  were  made 
by  shaking  the  oil  with  a  O.lSper  centemulsion  of  lecithin  in  normal 
saline.  The  emulsions  usually  contained  about  4  per  cent  of  oil. 
The  amount  of  oil  was  estimated  before  each  experiment  so  that 
the  amount  introduced  could  be  accurately  determined.  It  was 
discovered  later  that  much  finer  emulsions  could  be  made  by  using 
caseinogen  instead  of  lecithin  as  emulsifying  agent.  These  emul- 
sions were  prepared  as  follows. 

Four  grams  of  casein  were  heated  on  the  water  bath  in  a  porcelain  dish 
with  25  CO.  of  normal  saline  and  4  cc.  of  decinormal  sodium  hydroxide  until 
solution  was  practically  complete;  8  grams  of  cocoanut  oil  were  now  added 
and  the  mixture  rubbed  up  with  a  pestle  imtil  drops  of  oil  were  no  longer 
visible.  The  dish  was  now  removed  from  the  water  bath  and  the  rubbing 
up  continued  until  with  gradual  cooling  the  mass  became  gelatinous.  If  too 
much  saline  is  used  to  dissolve  the  caseinogen  the  mass  does  not  set  when 
cold  and  the  emulsion  is  not  quite  as  fine  as  when  the  liquid  sets  to  a  jelly 
on  cooling.  In  case  the  cold  mixture  is  still  creamy,  it  should  be  warmed 
up  again  until  a  little  water  has  evaporated  and  the  grinding  continued  until 
it  is  cold.  An  alkaline  salt  solution  was  now  made  containing  160  cc.  of 
normal  saline  and  1  cc.  of  decinormal  soda  for  each  gram  of  oil  used.  The 
gelatinous  mass  was  rubbed  up  in  a  mortar  in  small  portions  with  a  few 
cubic  centimeters  of  the  salt  solution  until  dissolution  was  complete. 
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Finally  the  creamy  solution  thus  obtained  was  diluted  with  the  remainder 
of  the  salt  solution,  filtered  through  cotton  wool  and  finally  through  filto' 
paper.  If  the  preparation  of  the  emulsion  has  been  successful,  the  vdiole 
of  the  fat  should  be  in  minute  particles  which  show  Brownian  moToneDt. 
No  particles  with  a  diameter  greater  than  4m  should  be  present  and  these 
should  be  few  in  number.  Almost  the  whole  of  the  fat  is  usually  in  parttoles 
less  than  2^  in  diameter.  On  standing  in  the  cold,  practically  no  septtn- 
tion  takes  place. 

The  method  of  administration  was  as  follows: 

Urethane  and  ether  were  used  as  anaesthetics  and,  in  the  case  of  dogs,  mor- 
phine and  ether.  A  cannula  was  inserted  into  the  external  jugul&r  vein 
and  this  was  connected  to  the  burette  containing  the  emulsion  so  that  the 
rate  of  entry  of  the  fluid  could  be  easily  adjusted.  The  burette  was  sur- 
rounded by  the  outer  tube  of  a  Liebig's  condenser  through  which  water 
was  allowed  to  circulate  at  a  temperature  of  40®  C.  About  100  cc.  of  the 
emulsion  was  usually  given  in  a  couple  of  hours,  the  rate  of  administration 
of  the  oil  being  then  about  2  grams  per  hour.  The  animal  was  kept  alive 
for  a  further  two  to  four  hours,  and  then  killed. 

The  results  of  these  experiments  are  collected  in  table  V.  With 
the  exception  of  the  last  experiment,  the  method  of  determining  the 
amount  of  oil  in  the  liver  was  the  same  as  in  the  previous  experi- 
ments, that  is,  by  distillation  in  steam.  In  the  last  experiment, 
the  amount  of  oil  going  to  the  liver  was  determined  by  excising  a 
lobe  of  the  liver  previous  to  the  injection  of  the  emulsion  and  Ihen 
comparing  the  amount  of  fat  in  this  lobe  with  the  amount  in  the  rest 
of  the  liver  at  the  end  of  the  experiment.  The  result  is  approxi- 
mately the  same  as  obtained  by  the  distillation  method  and  serv^ 
to  confirm  the  results  obtained  by  it.  In  this  case  the  spleen  was 
examined  for  the  presence  of  cocoanut  oil  by  comparing  the  mean 
molecular  weight  of  the  acids  from  a  normal  spleen  with  that  of 
the  acids  found  in  the  spleen  after  the  injection  of  the  oil,  the  mean 
molecular  weight  of  the  acids  in  the  oil  being  212.  In  this  case  it 
was  found  that  0.09  gram  of  the  oil  was  present  in  the  spleen.  It 
will  be  seen,  from  the  tabulated  results,  that  there  is  marked  evi- 
dence that  the  fat  accumulates  in  the  liver,  but  again  the  phenome- 
non of  desaturation  is  only  slightly  indicated,  the  mean  iodine 
absorption  of  the  volatile  acids  being  71.9  mgm.  as  opposed  to 
61.4  mgm.  in  the  controls. 

In  conclusion,  two  experiments  were  performed  on  dogs  in  which, 
two  hours  after  a  meal  of  cocoanut  oil,  an  attempt  to  collect  the 
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lymph  flowing  from  the  thoracic  duct  was  made.  The  object  of 
these  was  to  determine  whether  the  fat  in  the  chyle  had  the  same 
composition  as  that  administered,  or,  if  of  different  composition, 
whether  the  difference  was  caused  by  a  failure  of  all  the  volatile 
acids  to  undergo  the  glyceride  synthesis.  In  one  of  the  experi- 
ments, although  56  cc.  of  lymph  were  collected,  it  contained  so 
little  fat  in  addition  to  what  one  might  normally  expect  to  be  pres- 
ent in  lymph,  that  no  deductions  in  reference  to  the  point  in  ques- 
tion could  be  made.  In  a  second  experiment  only  7.5  cc.  of  lymph 
were  collected  as  the  animal  died  owing  to  a  misadventure  with 
the  anaesthetic.  The  lymph*  however  contained  5.37  per  cent 
of  fat  and  was  sufficient  for  the  purpose  of  the  experiment.  On 
examination  of  the  fatty  acids  obtained  from  the  chyle  fat,  the 
following  results  were  obtained:  Mean  molecular  weight,  236; 
iodine  value,  19.1.  The  iodine  value  of  the  oil  given  was  7.7 
and  the  mean  molecular  weight  of  its  fatty  acids,  212.  Assuming 
the  iodine  value  of  the  fat  normally  present  in  lymph  to  be  90,  and 
its  molecular  weight  284,  which  are  approximately  what  one  would 
expect,  then  if  enough  of  the  normal  fat  were  present  to  raise  the 
iodine  value  from  7.7  to  19.1  the  mean  molecular  weight  would 
only  be  222,  whereas  it  was  found  to  be  236.  It  thus  appears  as 
if  the  lower  fatty  acids  in  cocoanut  oil  do  not  completely  undergo 
the  glyceride  synthesis  during  absorption. 

SUMMARY. 

1.  Cocoanut  oil  administered  to  cats  or  dogs  by  the  mouth  can 
be  detected  in  the  liver  in  five  or  six  hours.  The  amount  present 
after  times  varying  from  five  to  twelve  hours  does  not  exceed  6 
per  cent  of  that  absorbed. 

2.  If  cats  be  ajiaesthetized  (urethane  and  ether),  and  a  solution 
of  cocoanut  oil  soaps  containing  glycerin  and  bile  salts  be  run 
uito  the  small  intestine,  then  about  30  per  cent  of  the  absorbed 
fatty  acid  is  found  in  the  liver. 

3.  When  cocoanut  oil  is  given  to  cats  or  dogs  intravenously  in  the 
form  of  a  very  fine  emulsion,  containing  about  4  per  cent  of  the 
oil,  then  from  25  to  60  per  cent  of  the  oil  which  enters  the  systemic 
circulation  is  found  in  the  liver. 

4.  It  is  probable  that  the  greater  retention  of  the  oil  by  the  liver, 
when  it  is  administered  in  the  form  of  soap  or  a  fine  emulsion,  is 
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TABLE  IV. 


COMPO8ITIOII  OF 
BMULAIOK 


Soaps  and  glycerin. 


Soaps,     glycerin, 
little  free  fatty 
acid 


Fatty  acids,  soaps, 
glycerin,  bile  salts 


Fatty  acids,  glycer- 
in, bile  salts 


1.9 


1.2 


1.4 


4.25 


6.5 


OBSERVATIONS 


6.23 


303    95.2  I    235 


245.   75.2  '    233 


227  I  99.7 


Mucous  mem- 
brane desqua- 
mated. 


Mucous  mem- 
brane desqua- 
mated. 

Mucous  mem- 
brane desqua- 
mated. 

Mucous  mem- 
brane normal. 


TABLE  Va. 

ANIMAL 

BinTLSlFTING 
AOBNT 

OIL 
INJBCTBD 

OIL 
RBTAINBD 
BT  LUNGS 

Cat  1 

Lecithin 

Lecithin 

Lecithin 

Caseinogen 

Caseinogen 

Caseinogen 

grams 

6.0 
4.65 
4.35 
3.7 
3.42 
11.15 

grams 
2.57     ' 

Cat  2 

1.56     ' 

Cat  3. . .'. 

2.13    ' 

Cat  4 

0.35 

Cats 

0.07 

Dog 

4.42 

0  ■  • " 

1 

OIL 
ENTSBINQ 
STSTBinC 
CIRCULA- 
TION 


grams 

3.43 
3.09 
2.22 
3.35 
3.35 
6.73 


PSRCBNT- 

AGB  or  OIL 

BNTBBINO 

SYSTEMIC 

CIRCULA-, 

ITION  WHICH 

WAS  FOUND 

IN  LIVER 


60 

43 
38 
43 
25 


DURATION 

or  BXPBBI- 

MBNT 


hows 

4.0 
5.3 
5.2 
4.0 
5.5 
5.25 
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THE  INFLUENCE  OF  PHLORHIZIN  ON  DOGS  WITH 

ECK'S  FISTULA. 

By  J.  E.  SWEET  and  A.  I.  RINGER. 

{From  the  Departments  of  Surgical  Research  and  Physiological  Chemistry  of 
the  University  of  Pennsylvania,  Philadelphia^  Pa,) 

(Received  for  publication,  January  30,  1913.) 

The  liver  plays  a  very  important  rdle  in  the  carbohydrate  metab- 
olism. Its  gluco-  and  glycogenetic  fimctions  have  been  the  sub- 
ject of  a  very  thorough  study  for  over  half  a  century,  and  a  great 
deal  of  light  has  been  thrown  on  it.  Its  influence  on  the  course 
of  pancreatic  and  phlorhizin  glucosuria  has  unfortunately  been 
limited  to  but  three  series  of  experiments.  Markuse^  in  1894 
showed  that  extirpation  of  the  pancreas  in  frogs  does  not  bring 
about  any  glucosuria  if  the  liver  is  extirpated  at  the  same  time. 
A  year  later  Montuori^  published  the  results  of  his  experiments 
in  whiph  he  showed  that  no  glucosuria  followed  the  extirpation 
of  the  pancreas  in  dogs  if  the  blood  vessels  leading  to  the  Uver 
were  tied  off.  In  1907  Rosenfeld*  published  experiments  on  dogs 
with  Eck's  fistula.  He  showed  that  the  injection  of  phlorhizin 
brought  about  no  glucosuria.  These  experiments  led  their  respec- 
tive authors  to  far-reaching  conclusions.  Rosenfeld,  in  fact,  went 
so  far  as  to  assert  that  no  glucosuria  can  arise  except  from  glu- 
cose that  has  passed  a  glycogen  stage.  He  differentiates  between 
"transglycogenic"  and  ''aglycogenic"  glucose.  By  the  former, 
he  understands  glucose  that  has  passed  through  the  liver  and 
has  been  converted  into  glucose.  This  sugar  can  give  rise  to 
glucosuria.  By  the  latter,  he  understands  glucose  that  has  not 
passed  the  liver,  and  has  consequently  not  been  formed  into 
glycogen.    It  is  the  glucose  that  is  taken  up  by  intravenous  ad- 

^Markuee:  Uber  die  Bedeutung  der  Leber  fiir  das  Zustandekommen 
des  Pankreasdiabetes,  Zeitschr.  f.  klin.  Med.,  xxvi,  p.  225, 1894. 

*Montuori:  Sull'importenza  del  fegato  nel  diabete  pancreatico,  Gazz. 
d.  Osped.  ed.  din.,  1895,  no.  16. 

*Ro8enfeld:  Die  Oxydationswege  des  Zuckers,  Berl.  klin.  Wochenschr.f 
Hi,  1907. 
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ministration  or  the  glucose  that  circulates  after  the  extirpation 
of  the  liver  or  Eck's  fistula.  These  conclusions  apparently  fit  in 
with  other  experiments  of  the  author  in  which  he  showed  that  more 
glycogen  arises  in  the  liver  after  feeding  of  glucose  per  0$,  than 
after  injecting  intravenously.  He  also  foimd  that  phlorhianired 
animals  eliminate  more  glucose  after  feeding  of  glucose  per  on 
than  after  subcutaneous  injection.  These  experiments  are  of  such 
great  importance  in  the  physiology  of  glucosuria,  that  a  repetition 
of  them  seemed  desirable. 

Five  dogs  were  operated  upon.  The  method  of  operation  was 
described  by  one  of  us  (Sweet).*  All  dogs  were  brought  to  autops}^ 
and  the  existence  of  the  fistula  verified.  The  animals  were  phlor- 
hizinized  in  the  usual  manner,  and  in  none  of  the  animals  did 
the  phlorhizin  fail  to  bring  about  glucosuria,  nor  was  there  any 
deviation  from  the  usual  course.  The  outcome  of  our  experiments 
undermines  the  very  foundation  of  Rosenfeld's  theory,  and  an 
analysis  of  his  other  experiments  gives  them  an  entirely  differait 
meaning.  He  gave  one  phlorhizinized  dog  100  grams  of  glucose 
per  OS,  Seventy-eight  grams  of  glucose  were  recovered  in  the 
urine.  The  same  dog,  after  it  had  overcome  the  effects  of  phlor- 
hizin, received  another  100  grams  of  glucose  intravenously.  This 
caused  a  temporary  glucosuria  with  the  elimination  of  21  and 
23  grams  of  glucose  in  two  cases.  The  animal  was  then  phlor- 
hizinized as  before  and  100  grams  of  glucose  given  intravenously. 
Only  36  grams  of  glucose  appeared  in  the  urine,  15  grams  more 
than  normally.  This  led  Rosenfeld  to  the  conclusion  "dass  die 
intravenos  gegebene  Glucose  von  diabetischen  Hunden  urwer- 
gleichlich  besser  vertragen  wird  als  dieselbe  Glucose  wenn  sie  per 
OS  aufgenommen  ward."  He  reasons  that  the  orally-fed  glucose 
gives  rise  to  glycogen  and  hence  the  glucose  that  comes  from  it 
is  not  burnt  readily  and  is  thrown  out  in  larger  quantities  in 
glucosuria,  whereas  the  intravenously-given  glucose  does  not  jrield 
to  glycogen,  and  hence  it  is  burnt. 

In  the  light  of  our  present  understanding  of  phlorhizin  gluco- 
suria, it  does  not  seem  necessary  to  explain  so  simple  an  experi- 
ment in  so  speculative  a  way.  It  is  very  well  established  now 
that  in  phlorhizin  glucosuria  the  animal  does  not  lose  the  power 

*  Sweet:  The  Artificial  Anastomosis  between  the  Portal  Vein  and  the 
Vena  Cava  Inferior— Eck's  Fistula,  Jourti.  of  Exp.  Med.,  vii,  p.  2,  1905. 
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of  burning  glucose.  The  amount  that  may  be  burnt  is  a  function 
of  the  ratio  between  the  velocity  of  absorption  of  glucose  and  the 
velocity  of  its  excretion  by  the  kidneys.  In  other  words,  the 
amount  burnt  depends  upon  the  amount  that  is  circulating  in 
the  blood.  Assuming  the  ratio  of  excretion  to  be  constant,  as 
was  probably  the  case  in  Rosenfeld's  dog,  conditions  for  the  com- 
bustion of  sugar  were  certainly  more  favorable  in  the  case  of  the 
intravenous  administration,  for  there  we  have  a  sudden  increase 
in  the  glucose  concentration  of  the  blood,  which  cannot  possibly 
be  removed  by  the  kidneys  at  the  rate  at  which  it  is  supplied. 
Whereas  in  the  administration  of  glucose  per  os,  the  absorption 
is  a  very  slow  one,  small  quantities  of  glucose  enter  the  blood 
at  a  time,  and  it  is  swept  out  by  the  kidneys  more  completely. 
It  is  a  very  common  experience  that  small  quantities  of  glucose 
are  recovered  much  more  quantitatively  than  are  large  quantities. 
From  the  aforesaid,  there  seems  to  be  no  reason  for  the  accept- 
ance of  Rosenfeld's  hypothesis. 

Finally,  we  tested  the  extent  to  which  the  throwing  out  of  the 
liver  by  Eck's  fistula  influences  gluconeogenesis.  One  of  our 
phlorhizinized  dogs  received  15  grams  of  glycocoll  at  one  time  and 
5  grams  at  another  time.  Here  again,  no  deviation  from  the 
normal  could  be  obtained.  The  amount  of  "extra  glucose"  is 
similar  to  that  obtained  under  ordinary  conditions  (Ringer  and 
Lusk).* 

Dog  mihEck' 8  fistula,    Phlorhivin  glucoauria. 
Twelve-hour  periods. 


o 
u 


2 

H 


15.08'  6.48 
6.96 

14.56  8  69 
5.75 

14.20  5.24 
6  61 

14.00  5.48 


z 

fi 

z 

H  So 

< 

RSMABK8 

0.37 

0.45 

0.14 

0.89 

15  gm. 

0  32 

i 

0  12 

0  84 

glycocoll 

0.42 

0.22 

1.44 

subcutan. 

0.40 

0.25 

1.56 

5  gm. 

0  44 

0  21 

1  33 

glycocoll 

0.20 

1.18 

as  above. 

^  Ringer  and  Lusk:  Cher  die  Entstehung  von  Dextrose  aus  Amino- 
s&uren  bei  Phlorhizinglykosurie,  Zeitschr.  f.  physiol.  Chem.,  Ixvi,  p.  106, 
1910. 
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SUMMARY. 

Eck's  fistulae  were  performed  on  five  dogs.  The  dogs  were 
kept  from  one  week  to  two  months,  when  phlorhizin  was  admm- 
istered.  The  glucosuria  that  followed  resembled  in  every  detail 
that  observed  in  normal  dogs.  This  is  contrary  to  the  findings 
of  Rosenfeld,  who  did  not  obtain  any  glucosuria  at  all. 

The  power  of  gluconeogenesis  is  not  diminished  in  dogs  ^ith 
Eck's  fistula. 


THE  INFLUENCE  OF  PHLORHIZIN  ON  A  SPLEN- 

ECTOMIZED  DOG. 

By  J.  H.  AUSTIN  and  A.  I.  RINGER. 

{From  the  DepartmenU  of  Research  Medicine  and  Physiological  Chemistry 
of  the  University  of  Pennsylvania^  Philadelphia^  Pa.) 

(Received  for  publication,  January  30,  1913.) 

In  a  paper  on  the  action  of  tissues  and  tissue  juices  on  glucose, 
Levene  and  Meyer^  found  that  the  spleen  possesses  an  activator 
for  the  enzyme  which  causes  a  condensation  of  the  glucose  mole- 
cule in  muscle,  liver,  pancreas  and  limg.  One  of  us  (Austin)  had 
several  splenectomized  dogs  at  his  disposal,  and  we  thought  it  of 
interest  to  see  whether  the  absence  of  the  spleen  would  in  any 
way  modify  the  course  of  the  glucosuria  after  phlorhizin  adminis- 
tration. The  results  were  entirely  negative,  i.e.,  the  glucose  elimi- 
nation, the  D  :  N  ratio  and  the  degree  of  acidosis  resembled  in 
every  respect  the  course  of  glucosuria  in  normal  dogs. 


»  This  Journal,  xi,  p.  356,  1912. 
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A  METHOD  FOR  DETERMINING  THE  SURFACE  TEN- 
SION OF  UQUmS  FOR  BIOLOGICAL  PURPOSES. 

By  C.  C.  ERDMANN. 
(Prom  the  Chemical  Laboratory  of  McLean  Hospital^  Waverley,  Mass.) 

(Received  for  publication,  January  31,  1913.) 

In  several  papers,  I.  Traube^  gives  an  account  of  interesting 
results  obtained  by  means  of  capillary  analysis.  He  emphasizes 
the  importance  of  this  method  for  biological  work,  since  it  enables 
us  to  observe  reactions  between  components  present  in  quantities 
so  minute  that  gravimetric  or  volumetric  methods  utterly  fail  to 
demonstrate  them.  His  apparatus,  the  stalagmometer,  is  simple 
in  construction.  It  consists  of  a  pipette  whose  outlet  is  formed 
by  a  short  capillary  terminating  in  an  enlarged  disc  so  as  to  oflfer 
a  plane,  polished  surface  for  the  formation  of  the  drop.  The 
resistance  encountered  by  the  liquid  in  passing  the  capillary 
adjusts  the  delivery  of  the  drops  so  that,  according  to  the  vis- 
cosity of  the  liquid,  about  three  to  four  seconds  are  required  for 
their  formation.  Two  marks  on  the  pipette  define  a  certain 
volume,  and  the  number  of  drops  contained  in  this  volume  is 
counted  by  an  automatic  device.  Having  established  the  drop 
number  of  the  apparatus  for  distilled  water,  the  surface  tension 
relative  to  water  of  a  liquid  can  easily  be  determined. 

Trying  to  carry  out  the  same  idea  in  a  different  way,  the  follow- 
ing modification  was  adopted.  A  drop  pipette  for  the  delivery 
of  a  certain  number  of  drops  whose  weight  is  to  be  considered  is 
the  essential  part  of  the  apparatus.  The  drop  pipette,  of  a  few 
cubic  centimeters  capacity,  so  as  to  enable  determinations  when 
small  amounts  only  of  substance  are  obtainable,  is  provided  with 
a  highly  polished  drop  surface  ground  so  as  to  form  the  base  of 
a  cone.  The  flow  of  the  liquid  is  regulated  by  a  narrow  capillary 
(0.2-0.3  mm.  in  diameter)  and  thus,  for  the  formation  of  the 

^  Ber.  d.  deutsch,  chem.  Geseltsch,,  p.  44,  1911;  Biochem.  Zeitschr.,  xxiv, 
P  341,  1910. 
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drops,  about  five  seconds  are  reqii 
capUlary  were  found  to  be  unifora 
their  weight,  provided  that  the  d 
drop  contained  no  air  bubbles. 

The  details  of  the  apparatus  I 
New  York)  may  be  seen  in  figure  I 
polished  drop-surface  of  about  5  mii 
of  about  ^  mm.;  C,  a  wider  capilla 
several  cubic  centiraetera  capacity 
short  capi 


FlOITBE  1. 

Though  slight  differences  in  tempe 
the  size  of  the  drops,  for  accurate 
of  the  different  temperatures  is  in 
mostat  arrangement  adjusted  so  a: 
room  temperature  may  be  used. 

The  determination  of  the  surfac 
out  as  follows :  the  clean  pipette  is 
passing  a  small  amount  into  the  1 
through  it.  The  short  capillary 
coming  into  contact  with  the  absor 
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is  filled,  closed  with  a  stopper,  and  about  fifteen  minutes  are 
allowed  for  the  exchange  of  temperature  diiBFerences  between  the 
water  jacket  and  the  contents  of  the  pipette.  In  the  meantime 
the  drop-surface  is  cleaned  with  fat-free  filter  paper.  Several 
drops  are  allowed  to  pass,  the  presence  of  air  bubbles  is  easily 
detected  and  eliminated  and,  when  it  is  safe  to  assmne  that  the 
protruding  part  of  the  pipette  has  accepted  the  water  jacket's 
temperature,  the  pipette  is  closed  again,  and  the  weighing  bottle 
attached  to  the  apparatus  by  means  of  the  rubber  stopper.  The 
weighing  bottle,  which  has  a  capacity  of  about  50  cc,  contains 
a  layer  of  liquid  paraflSn  to  prevent  evaporation.  The  with- 
drawal of  the  stopper  of  the  pipette  will  start  the  formation  of 
the  drops,  and  thus  10,  20  or  more  drops  are  collected.  It  was 
found  imnecessary  to  coimt  the  niunber  of  drops  for  a  liquid  more 
than  once,  since  a  certain  weight  corresponds  to  a  certain  number 
of  drops. 

In  collecting  10  drops  of  the  same  liquid  in  each  of  two  weighing  bottles, 
the  maximum  difference  in  their  weight  will  be  foimd  not  to  exceed  0.0005; 
the  weight  of  a  drop  of  water,  for  instance,  being  0.0850  gram,  this  difference 
would  amount  to  t\js  of  a  drop.  Using  a  thermostat  arrangement,  in  about 
twenty-five  determinations  it  was  found  that  for  distilled  water  the  maxi- 
mum difference  (=^  0.0012)  was  due  to  the  varying  purity  of  the  distilled 
water  obtained  from  the  laboratory  still  as  well  as  to  differences  between 
the  thermostat  and  the  room  temperatures. 

As  there  is  a  possibility  of  determining  the  viscosity  of  the 
liquid  at  the  same  time,  the  use  of  a  stop-watch  was  found  con- 
venient, especially  for  those  determinations  in  which  a  larger 
number  of  drops  was  collected.  In  order  to  facilitate  the  com- 
parison of  the  results  obtained  from  different  liquids,  these  results 
may  be  expressed  as  drop  numberSj  corresponding  to  5,  10  or  50 
grAms  of  substance. 

The  following  experiments  were  carried  out  by  means  of  a  drop 
pipette  which  was  surrounded  by  a  water  jacket  without  thermo- 
regulator. 

A  solution  of  serum  (rabbit)  was  prepared,  1 :  100  in  0.85  per  cent  sodium 
chloride.  Having  established  its  drop  number,  to  50  cc.  of  serum  were 
added  1,  2,  5  and  10  cc.  of  ^Sv  ^^i^  i^  the  one  line  of  experiments  and  the 
same  amount  of  alkali  in  the  other.  After  standing  for  about  twelve  hours 
at  room  temperature,  the  solutions  were  filtered  (Schleicher  &  Schtill,  591) 
and  1,  2  or  3  times  10  drops  were  collected.  The  weight  of  10  drops  divided 
into  50  (grams  of  substance)  furnished  the  following  drop  numbers. 
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Temperiiture  of  the  water  jacket  =  16.2®  —  16.4*'. 


SI7B0TANCB 

WBIQRTS  (GHAin)  FOB  10  DKOPS     ! 

0.8263;    0.8266 

0.8253  (not  filtered) 

0.8262  (not  filtered) 

0.8213;    0.8212;    0.8213 

0.8214;    0.8213 

0.8212 

0.8051  (decomposed) 

0.8185;    0.8187;    0.8186 
0.8038;    0.8038;    0.8038 
0.7820;    0.7820;    0.7821 
0.7511;    0.7518;    0.7517 

0.8226;    0.8226;    0.8226 
0.8212;    0.8213;    0  8212 
0.8173;    0,8176;    0.8173 
0.8130;    0.8127;    0.8128 

OBOPHO. 

0.85  per  cent  NaCl  solution 

50  cc.  -h  5  cc.  fS^  NaOH 

50  cc.  -f5cc.  tS^HCI 

Serum  1 :100 

From  another  rabbit 

605.0 
605.7 
6051 
6069 
608.9 

The  same  3  days  later 

The  same  7  days  later 

Serum  +  i?^  HCl 

50  cc.  serum  +    1  cc 

609.0 
6210 

« 

610  9 

50  cc.  serum  4-    2  cc 

622  1 

50  cc.  serum  +    5  cc 

6395 

50  cc.  serum  4-  10  cc 

6655 

Serum  -f  t^j  NaOH 

50  cc.  serum  4-    1  cc 

607  8 

50  cc.  serum  4-    2  cc 

6090 

50  cc.  serum  4-    5  cc 

611.7 

50  cc.  serum  4-  10  cc 

615  0 

The  change  in  the  surface  tension  of  the  NaCl  solution  pro- 
duced by  the  addition  of  either  NaOH  or  HCl  is  so  slight  that  it 
can  be  ignored.  While  small  amounts  of  acid  cause  a  pronounced 
change  in  the  surface  tension  of  serum,  it  shows  a  certain  tolerance 
for  aljcali. 

Results  obtained  from  cerebrospinal  fluid  treated  in  the  same  way. 


SUBSTANCE 


Water 

Undiluted  fluid 

1  %  solution  cerebro-spinal  fluid  in  0.85  %  NaCl. 

Later  determinations 

Fluid  decomposing. 


50  cc.  of  fluid  1  :  100  4-  ^ir  HCl 


1  cc 
5  cc 


TOV 


50  cc.  of  fluid  1  :  100  4-  T?xr  NaOH 


1  cc, 
5  cc. 


DBOP  HO. 

584.3 
615.7 
606.7 
607.3 
608.1 

607.5 
608.3 

607.7 
607.8 


The  next  determinations  were  carried  out  on  syphilitic  and 
non-syphilitic  sera  (which  I  owe  to  the  kindness  of  Dr.  James 
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H.  Wright  of  the  Massachusetts  General  Hospital)  subjected  to 
the  Noguchi  modification  of  the  Wassermann  reaction. 

0.85  per  cent  NaCl  solution  =  639.4 


1 

DROP  NUMBSBS  FOR  50 

GRAMS  OP  SUBSTANCE 

KO. 

— 

REACnOK 

1 

Inbubated 

Not  Incubated 
645  1 

2 

646.0 

Negative. 

7 

645.5 

654.6 

Strongly  positive. 

10 

642.2 

643.6 

Positive. 

13 

646.6 

644.7 

Slightly  positive. 

14 

644.8 

644.8 

Negative. 

16 

655.5 

655.6 

Negative. 

17 

644.6 

644.5 

Negative. 

18 

658.1 

657.6 

Strongly  positive. 

For  the  surface  tension  determination,  the  sera 
were  diluted  1  :  125  with  salt  solution,  except  num- 
bers 16  and  18,  which  were  used  in  a  more  concen- 
trated solution  (about  1  :  50).  The  differences  in 
surface  tension  before  and  after  incubation,  ex- 
pressed as  drop  numbers  for  50  grams  of  substance, 
are  verj'  slight,  hardly  exceeding  the  experimental 
error,  and  in  accordance  with  the  investigations  of 
Bertolini^  who  was  unable  to  obtain  results  analo- 
gous to  those  of  Ascoli.' 

For  surface  tension  determinations  of  less  dilute 
solutions,  a  modification  of  the  above  pipette  was 
used  (see  figure  2),  which,  not  being  surroimded  by 
a  water  jacket,  offered  the  possibility  of  introduc- 
ing the  liquid  directly  into  the  bulb  by  means  of  a 
short  side  tube.  This  side  tube  is  closed  by  a  rub- 
ber stopper  holding  a  thermometer.  Instead  of 
filtering  the  solutions  they  are  centrif uged  for  about 
fifteen  minutes  at  high  speed;  thus  small  solid  par- 
ticles are  removed  which  would  be  liable  to  be  re- 
tained in  the  small  capillary.  Before  the  collection 
of  the  drops  is  begun,  fifteen  minutes  are  allowed 
for  the  acceptance  of  room  temperature;  a  slight 

^  Biochem.  Zeitschr.y  xxviii,  p.  60. 

*  Munch,  med.  Wochenschr.,  ii,  p.  62,  1910. 
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Figure  2. 
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pressure  on  the  rubber  bulb  will  start  the  formation  of  the  drops. 
The  temperature  coefficient  having  been  established,  all  results 
can  be  calculated  for  an  average  temperature. 


The  effect  of  healing  on  cow  serum. 

About  500  cc.  of  cow  senun  contained  in  a  long-necked  bottle 
were  shaken  in  a  water  bath,  the  temperature  of  which  was  slowly 
raised.  A  thermometer  immersed  in  the  serum  indicated  its 
temperature,  and  from  time  to  time  (each  additional  5°)  a  small 
amount  was  withdrawn,  until  coagulation  rendered  this  ini]X)6sible, 
and  set  aside  for  the  surface  tension  determination.  The  follow- 
ing table  indicates  the  results  expressed  in  drop  numbers  for  50 
grams  of  substance. 

For  another  experiment  cow  serum  was  used  to  which  a  small 
amoimt  of  sodium  benzoate  had  been  added  and  which  had  been 
standing  for  three  days  in  an  ice  chest. 

TABLE  I. 
Average  room  temperature  20®. 


TSICPKR- 
▲TUBS 

ieg.C. 

Room 
25 
30 
35 
38 
40 


WEIGHT  or 
10  DROPB 

i 

DROP  NO.         1 

0.768H 

1 

650.7 

0  7674 

651  6 

0  7636 

655  0 

0  7628 

655.4 

0.7629 

655  4 

0  7632 

655  3 

TBMPBB- 
ATURB 

45 

50 
55 
60 
65 
70 


WVIOHT  OP 
10  DROPS 


0.7618 
0.7589 
0.7538 
0  7456 
0  7136 
0  6716 


DROP  IfO. 


656  5 
6590 
663.2 
670  4 
700.3 
744  5 


In  both  experiments  the  change  in  surface  tension  was  found 
to  correspond  to  a  curve  rising  slowly  at  lower  temperatures  but 
rapidly  at  the  beginning  of  coagulation,  from  65®-70**.  At  38**, 
however,  a  deviation  occurs  apparently  caused  by  enzymes,  which, 
at  temperatures  nearing  that  of  the  body,  find  the  conditions  of 
optimum  efficiency.  It  was  noticed  that  the  senun,  though  kept 
in  an  ice  chest,  showed  daily  changes  in  surface  tension,  and  there- 
fore to  a  new  preparation  of  senun  about  0.1  per  cent  of  sodium 
benzoate  was  added  to  prevent  bacterial  decomposition.  Never- 
theless, a  similar  change  in  surface  tension  occurred,  and  enzyme 
action  must  be  held  responsible  for  it.    This  would  also  explain 
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TABLE  II. 

Average  room  temperature  20°. 


IPBRATUBE 

WEIGHT  (10  drops) 

TIME  POR  FORMATION 
or  9  DROPS 

DROP  NO.  (50  GRAMS) 

deg.C. 

seconds 

Room 

0.7643 

119 

654.1 

30 

0.7640 

115 

654.5 

35 

0.7629 

115 

655.5 

38 

1           0.7633 

115 

655.1 

40 

•i           0.7617 

115 

656.4 

45 

0.7610 

115 

657.0 

55 

'           0.7603 

114 

657.6 

60 

!           0.7547 

116 

662.4 

65 

0.7368 

124 

678.6 

70 

0.6928 

219  for  4  drops 

722.0 

the  fact  that  the  surface  tension  is  influenced  by  freezing  and 
subsequent  thawing  of  the  serum.  Changes  in  the  viscosity  of 
the  serum  are  noticeable  only  when  it  has  been  heated  nearly  to 
coagulation  temperature. 


ON  THE  ACTION  OF  LEUCOCYTES  ON  SOME  HEXOSES 

A1*D  PENTOSES. 

THIRD  COMMUNICATION. 

CONTRIBUTION  TO  THE  MECHANISM  OF  LACTIC  ACID 
FORMATION  FROM  CARBOHYDRATES. 

'  By  p.  a.  LEVENE  and  G.  M.  MEYER. 
{From  the  Rockefeller  Institute  for  Medical  Research^  New  York.) 

(Received  for  publication,  February  3,  1913.) 

In  previous  communications  the  authors  have  demonstrated 
that,  through  the  action  of  leucocytes,  glucose  is  transformed  into 
rf-lactic  acid,  and  that  the  cleavage  of  the  sugar  molecule  does 
not  proceed  beyond  this  phase.  Since  then,  the  results  obtained 
by  us  were  corroborated  by  Embden  and  his  co-workers,  Kondo 
and  K.  v.  Noorden,  Jr.,^  and  by  Rona  and  Arnheim.^ 

Regarding  the  conditions  of  the  experiments  it  was  stated  that 
a  certain  degree  of  hydroxyl  concentration,  such  as  is  offered  by 
a  1  per  cent  Henderson  phosphate  mixture,  was  required  for  a 
successful  result,  and  that  distilled  water  could  not  be  used  as 
a  medium  of  the  reaction,  since  it  prevented  the  reaction  from 
taking  place,  and  antiseptics,  such  as  toluene  and  chloroform, 
acted  in  the  same  way.  At  the  time  of  our  first  publication  we 
had  overlooked  a  statement  of  Rona  and  Doblin*  that  the  gly- 
colysis generally  produced  by  J^lood  was  absent  when  blood  had 
been  diluted  with  distilled  water  or  when  chloroform  had  been 
added  to  it. 

The  observations  on  the  action  of  leucocytes  were  extended 
to  a  larger  number  of  sugars,  both  hexoses  and  pentoses,  with 
a  view  of  elucidating  the  mechanism  by  which,  in  the  organism, 
lactic  acid  is  formed  from  sugar.  It  is  obvious  that  a  molecule 
of  hexose  cannot  imdergo  a  direct  decomposition  into  two  moJe- 

*  Biochem.  Zeitachr.,  xlv,  pp.  63  and  94,  1912. 
« Ibid,,  xlviii,  p.  35,  1913. 
*76iU,  xxxii,  pp.  489-508,  1911. 
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cules  of  lactic  acid  without  passing  a  number  of  intermediary 
tran^formationd.  In  recent  years  there  have  been  brought  to  the 
front  a  great  many  speculations  tending  to  elucidate  the  me- 
chanism of  the  reaction.  They  can  be  found  in  recent  publica- 
tions on  alcoholic  fermentation,  lactic  acid  fermentation  or  on 
glycolysis. 

After  the  pubUcation  of  our  previous  articles  on  the  action  of 
leucoc3rtes  on  glucose,  and  while  the  present  investigation  was  in 
progress,  there  appeared  a  series  of  articles  by  Embden  and  hb 
co-workers,  on  the  basis  of  which  Embden  formulated  a  theory 
that  by  the  action  of  tissue  enzymes  one  molecule  of  glucose  is 
dissociated  into  two  molecules  of  glyceric  aldehyde,  second,  that 
glyceric  aldehyde  is  then  transformed  into  lactic  acid,  and  third, 
that  the  a-carbon  atom  of  the  glyceric  aldehyde  remains  unaffected 
in  course  of  the  transformation.  The  mechanism  may  be  jm^ 
sented  in  the  following  form. 
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H— C— OH 


H— C— OH 


H-C-OH 


0H-<^— H 


H~C— OH 


H— C— OH 


^  Hr-C-OH 

+ 
O 

II 
C— H 
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H— C— OH 


H,— C— OH 


I 

Although  our  own  work  on  the  mechanism  of  the  reaction  is 
not  yet  completed,  yet  it  seems  to  us,  that  it  furnishes  a  very 
definite  argument  against  the  correctness  of  Einbden's  view.* 

It  is  obvious  that  if  a  molecule  of  glucose  dissociates  into  two 
of  lactic  acid,  according  to  the  hypothesis  of  Embden,  both  of 
the  latter  possess  the  same  optical  character.  Thus,  d-glucose 
may  yield  two  molecules  of  rf-lactic  acid.     In  this  case,  however, 


*  Biochem.  Zeitschr.y  xlv,  p.  108,  1912. 
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mannose  and  fructose  would  not  be  expected  to  yield  the  same 
result.  It  is  evident  from  a  glance  at  the  configuration  of  the 
respective  sugars  that  mannose  would  be  expected  to  form  dU 
lactic  acid,  and  fructose  a  mixture  of  dl-  and  d-lactic  acid. 
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H,— C— OH 

yields  d -lactic  acid 


yields  (i^lactic  acid 


It  was  found  in  the  course  of  our  experiments  that  fructose, 
mannose  and  galactose  all  are  transformed  into  lactic  acid  by 
means  of  leucoc3rtes  under  the  conditions  reported  in  the  previous 
communications.  Regardless  of  the  nature  of  the  hexose,  the 
lactic  acid  formed  was  invariably  the  d-form.  Of  course,  it  is 
important  to  make  certain  that  the  lactic  acid  obtained  in  the 
experiment  did  not  consist  of  a  mixture  of  the  active  and  inactive 
forms.  This  possibility  can  be  excluded  in  our  experiments  on 
the  following  groimds:  first,  the  zinc  salt  of  the  dWactic  acid  is 
more  insoluble  than  that  of  the  optically  active  form;  hence,  it 
should  be  the  first  to  crystallize  if  it  were  present  in  the  mixture; 
second,  the  specific  rotation  of  the  zinc  salt  obtained  from  any 
one  of  the  hexoses  was  of  the  same  magnitude.  Thus,  on  the 
basis  of  these  experiments  it  does  not  seem  possible  that  the 
formation  of  lactic  acid  is  brought  about  by  simple  rearrangement 
in  the  molecule  of  glyceric  aldehyde.  Whether  or  not  pyruvic 
aldehyde  is  the  phase  immediately  preceding  the  formation  of 
lactic  acid  remains  to  be  established. 


*  Would  be  expected  to  yield  di-lactic  acid. 
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Attempts  to  bring  about  a  dissociation  of  pentoses  by  means 
of  leucocytes  resulted  negatively. 

It  may  be  mentioned  here  that  tissues  preserved  under 
strict  aseptic  conditions  act  on  sugars  in  a  way  identical  to  leuco- 
cytes. The  results  of  the  experiments  in  that  connection  will  be 
communicated  separately. 

EXPERIMENTAL. 

Leitcocytes.  These  were  obtained  from  dogs  by  injections  of 
turpentine  into  the  pleural  cavity.  The  technique  and  further 
handling  of  the  material  has  been  described  in  a  previous  com- 
munication. 

SoliUions.  The  suspensions  were  made  in  the  identical  manner 
as  the  glucose  experiments,  in  a  1  per  cent  Henderson  phosphate 
solution. 

Bacteriological  controls.  Both  aerobic  and  anaerobic  cultures 
were  made  from  all  leucocyte-sugar  mixtures  at  the  close  of  the 
experiment  and  only  those  analyzed  which  were  sterile.  The 
bacteriological  examinations  were  made  by  Dr.  J.  Bronfenbrenner 
and  we  take  this  occasion  to  express  our  appreciation. 

Methods  of  analysis.  Sugar  was  estimated  by  reduction  of 
Fehling's  solution;  the  reduced  copper  was  determined  by  Vol- 
hard^s  method. 

Lactic  acid.  Since  the  previously  reported  experiments  we  have 
succeeded  in  obtaining  a  von  der  Heide  ether  extraction  apparatus.* 
The  leucocyte  sugar  solutions  were  carefully  made  neutral  to 
litmus,  brought  to  a  boil  and  the  proteins  coagulated  with  the 
addition  of  very  dilute  phosphoric  acid.  The  addition  of  sodium 
sulphate  crystals  facilitates  the  precipitation  of  the  proteins.  The 
solution  was  filtered  and  again  made  neutral  to  htmus,  and  then 
sufficiently  concentrated  in  vacuo  to  be  contained  in  the  ether 
extractor.  Crystalline  sodium  sulphate  is  added  to  give  about 
a  one-half  saturated  solution  and  then  5  to  10  cc,  of  phosphoric 
acid  are  added.  Extraction  is  allowed  to  proceed  for  at  least 
seventy-two  hours.  The  ether  extract  is  then  dried  over  anhy- 
drous sodium  sulphate  and  filtered.  Water  is  added  to  the  flask 
and  the  ether  distilled  off.  The  lactic  acid  in  aqueous  solution 
is  converted  into  the  zinc  salt  in  the  usual  manner. 

•  Bericht  d.  kdnigl.  Tjehranstalt  f.  Weinbau  in  Oeisenheim  a.  Rh.,  1905, 
p.  23. 
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/.  Experiments  showing  disappearance  of  siigars  in  mixture  of 

sugar  and  leucocytes. 


Mannose. 


a.  At  beginning  of 
After  thirty-six 

6.  At  beginning  of 
After  thirty-six 

e.  At  beginning  of 
After  thirty-six 

d.  At  beginning  of 
After  thirty-six 

e.  At  beginning  of 
After  thirty-six 


experiment 
hours 


experiment 
hours 


experiment, 
hours 


experiment 
hours 


experiment 
hours 


Laevulose. 


a.  At  beginning  of  experiment. 

After  thirty-six  hours 

h.  At  beginning  of  experiment 

After  thirty-six  hours 

c.  At  beginning  of  experiment 
After  thirty-six  hours 

d.  At  beginning  of  experiment. 
After  thirty-six  hours 


a.  At  beginning  of  experiment 
After  thirty-six  hours 

6.  At  beginning  of  experiment 
After  thirty-six  hours 


Galactose. 


a.  At  beginning  of  experiment 
After  thirty-six  hours 

b.  At  beginning  of  experiment 
After  thirty-six  hours 


Arabinose. 


Xylose. 
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a.  At  beginning  of  experiment. 
After  thirty-six  hours 
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//.  ExperimeniB  showing  formation  of  dAadic  acid  during 
«  "  Glycolysis*'  of  mannose. 

a.  150  cc.  of  the  leucocyte  mannose  mixture  (c,  Experiment  I)  we^ 
extracted  in  a  von  der  Heide  extractor  with  ether.  Yield  of  erode  lactic 
acid  «  0.2134  gram. 

0.145  gram  of  the  recrystallized  salt  in  2.167  grams  of  water  in  a  1  dm. 
tube  gave  a  rotation,  a  «  —  0.45®. 


[«f  =  -  «•' 


&.  300  cc.  of  leucocyte  mannose  mixture  (d  and  e,  Experiment  I)  were 
together  extracted  with  ether  in  a  von  der  Heide  extractor. 

0.663  gram  anhydrous  zinc  lactate  was  obtained.    This  was  recrystal- 
lized and  analyzed. 

0.2278  gram  of  the  recrystallized  salt  lost,  on  dr)ring  to  constant  weigjit 
at  110% 

0.029  gram  H|0  =  12.73  per  cent  HtO. 

Calculated  for  two  molecules  HtO  »  12.88  per  cent. 

0.0906  gram  anhydrous  salt  after  ignition 

gave  0.0302  gram  ZnO  -  33.33  per  cent  ZnO. 

Calculated  «  33.40  per  cent. 

0.1344  gram  zinc  salt  in  L8684  grams  HsO  gave  a  rotation  in  a  1  dm. 
tube   of  a  -  -  0.47®. 

a]     =  -  7.0* 

c.  300  cc.  of  laevulose  leucocyte  mixture  (c  and  d)  were  extracted  witii 
ether  in  a  von  der  Heide  extractor.  The  yield  of  recrystallized  zinc  lactate 
s  0.2474  gram. 

0.1624  gram  recrystallized  salt  lost,  on  dry- 
ing to  constant  weight,  0.0211  gram 

HjO  =  12.95  per  cent  HiO. 

Calculated  for  two  molecules  HjO  »  12.88  per  cent. 

0.1413  gram  anhydrous  salt  was  ignited  and 

gave  0.0469  gram  ZnO  =  33.20  per  cent  ZnO. 

Calculated  =  33.40  per  cent. 

0.1536  gram  zinc  salt  in  2.0138  grams  HjO  gave  a  rotation  in  a  1  dm.  tube 
of  a  =  -  0.49^ 

[a]     -  -  6.8* 


AN  ENZYME  CONCERNED  WITH  THE  FORMATION  OF 
HYDROXY  ACIDS  FROM  KETONIC  ALDEHYDES. 

Bt  H.  D.  DAKIN  iLST>  H.  W.  DUDLEY. 
(From  the  Eerier  Laboratory ,  New  York,) 

(Received  for  publication,  February  3,  1913.) 

Since  so  little  is  known  of  the  unstable  labile  substances  which 
actively  participate  in  the  synthetic  reaction  of  the  living  cell, 
and  as  it  is  so  difficult  to  frame  adequate  experiments  for  the 
analysis  of  these  various  reactions,  it  seemed  desirable  to  follow 
some  of  the  changes  imdergone  by  structurally  related  substances 
which  have  been  rendered  partially  stable  by  the  incorporation 
of  an  aromatic  group. 

The  present  paper  deals  with  the  fate  of  phenyl  glyoxal  in  the 
animal  body  and  its  decomposition  by  animal  tissues. 

Phenyl  glyoxal  administered  to  rabbits  in  doses  of  1-1.5  grams 
per  kilo  leads  tJ)  the  excretion  of  about  half  a  gram  of  optically 
active  Z-mandelic  acid  and  about  three-quarters  of  a  gram  of 
hippuric  acid.  No  phenyl  glyoxyUc  acid  was  detected.  The  fact 
that  a  ketonic  aldehyde  through  enzyme  action  may  unite  with 
water  to  form  an  optically  active  hydroxy  acid  appears  to  be  of 
some  significance.  The  benzoic  acid  (hippuric  acid)  may  origi- 
nate either  by  the  direct  oxidation  of  the  phenyl  glyoxal  or  by 
the  oxidation  of  mandelic  acid  or  probably  by  both  reactions. 

CeHi-COCHO     ->     CeH,  •  CHOH  •  COOH     -♦     CeHjCOOH 

i 
C,H,  •  COOH 

An  examination  of  the  action  of  aqueous  extracts  of  various 
animal  tissues,  including  liver,  pancreas,  heart,  skeletal  muscle, 
kidney,  blood,  spleen  and  brain^  showed  that  in  every  case  an 
enzyme  was  present  capable  of  converting  phenyl  glyoxal  into 
mandelic  acid  and  that  the  action  of  the  catalyst  was  readily 
inhibited  by  heat.  It  would  seem,  therefore,  as  if  the  reaction 
was  a  rather  general  one. 

IS5 
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The  r6le  that  ketonic  aldehydes  may  play  in  metabolism  is 
not  yet  clear,  but  it  is  at  least  suggestive  to  recall  that  methyl 
glyoxal  is  readily  obtained  by  the  decomposition  of  sugar  by 
mild  hydrolysis  and  that  by  analogy  methyl  glyoxal  should  yieM 
lactic  acid,  when  acted  upon  by  the  enzjme  previously  referred 
to.  Conversely,  should  the  enzyme  reaction  prove  to  be  reversi- 
ble, as  seems  likely,  may  not  this  type  of  reaction  be  concerned  with 
the  actual  formation  of  carbohydrate  from  lactic  acid  and  indi- 
rectly from  amino-acids?  The  possibility  of  amino-acid  synthesis 
from  methyl  glyoxal  must  also  be  considered. 

C,Hi,0.     ->     2CH,C0CH0     :p±     CH,CHOH  OOOH 

The  testing  of  the  above  hypothesis  involves  somewhat  difficult 
experiments  and  will  take  considerable  time. 

It  is  interesting  to  note  that  phenyl  glyoxal  readily  combines 
with  histidine,  arginine,  ornithine  and  lysine  to  give  sparingly 
soluble  yellow  substances.  These  compounds  are  under  investi- 
gation. 

EXPERIMENTAL. 

Three  experiments  were  made  in  which  phelkyl  glyoxal  (1.5 
grams)  dissolved  in  warm  water  (80  cc.)  was  given  by  stomach 
tube  to  rabbits  weighing  about  1.5  kilos.  The  urine  in  each  case 
was  collected  for  about  twenty-four  hours  and  proved  to  be  disr 
tinctly  laevorotatory  owing  to  the  presence  of  mandelic  acid.  On 
distilling  the  urine,  no  evidence  was  obtained  of  the  presence  of 
unchanged  phenyl  glyoxal.  The  urines  were  acidified  with  phos- 
phoric acid  and  extracted  with  ether  in  a  continuous  extractor.  On 
concentrating  the  ether  extract,  from  1.3-1.5  grams  of  crystalline 
residue  were  obtained.  This  was  dried  on  porous  plates  and  the 
bulk  of  the  hippuric  acid  obtained  by  direct  crystallization  from 
water.  The  hippuric  acid  melted  at  185°  and  gave  7.7  per  cent 
of  nitrogen  on  analysis  (calculated  7.8  per  cent). 

The  mother  liquor  from  the  hippuric  acid  was  shaken  thrice 
with  small  portions  of  ether.  The  ether  extract  on  evaporation 
gave  crude  mandelic  acid  (0.4-0.5  gram)  which  was  readily  purified 
by  recrystalUzation  from  benzene  and  was  completely  free  from 
hippuric  acid. 
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In  each  case,  some  inactive  mandelic  acid  (20  per  cent)  was 
found  with  the  active  variety,  the  former  being  probably  formed 
by  the  direct  hydrolysis  of  phenyl  glyoxal  other  than  by  enzyme 
action.  On  repeated  recrystallization  from  water  the  more  spar- 
ingly soluble  active  acid,  m.  p.  130-132°,  separates  first. 


0.1221  gram  gave  0.2830  gram  COt  and  0.0595  gram  HsO. 

Analysis. 

Found: 

Calculated  for 

CtHsOt: 

C 63.2 

63.2 

H 5.4 

5.3 

For  the  investigation  of  the  action  of  tissues  upon  phenyl  gly- 
oxal, mixtures  were  made  of  from  20  to  50  grams  of  minced  tissue 
with  a  solution  containing  0.1  to  0.25  gram  of  phenyl  glyoxal,  with 
half  its  weight  of  sodium  bicarbonate.  After  incubation  at  37° 
for  about  twenty-four  hours  in  the  presence  of  toluene,  the  solu- 
tions were  heated  on  a  water  bath  with  an  equal  volume  of  satu- 
rated ammonium  sulphate  solution  containing  a  little  phosphoric 
acid.  The  mandelic  acid  was  extracted  by  shaking  with  ether, 
and  the  ether  extract  taken  up  in  cold  water  (10  cc),  filtered  and 
examined  in  the  polarimeter  in  a  2  dm.  tube.  In  every  case 
laevo  rotations  of  from  0.8°  to  2.1°,  due  to  i-mandelic  acid,  were 
observed.  The  mandelic  acid  was  readily  obtained  in  crystalline 
form  for  identification.  Experiments  in  which  the  tissue  extract 
was  boiled  prior  to  adding  the  phenyl  glyoxal  showed  rotations 
of  less  than  0.18°.  The  results  indicated  that  from  40  to  60  per 
cent  of  the  phenyl  glyoxal  was  converted  into  laevomandelic  acid 
in  every  case. 

A  more  detailed  study  of  the  action  of  the  enzyme  is  in  progress. 

Note  added  at  proof  correction.  Further  investigation  has 
shown  that  the  enzyme  above  referred  to  is  active  in  aqueous 
extracts  of  various  tissues  and  that  it  may  be  roughly  purified 
by  precipitation  with  salts.  An  enzyme  solution  prepared  from 
dog's  liver  when  added  to  pure  methyl  glyoxal  (4  grams),  pre- 
pared according  to  Meisenheimer's  method,  effected  its  complete 
decomposition  in  less  than  ten  minutes  with  formation  of  lactic 
acid. 
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WALDEMAR  KOCH 

My  first  duty,  as  President,  is  to  pay  a  tribute  to  the  memory 
of  a  worker  who  has  fallen  out  of  our  ranks  since  the  last  meeting 
of  our  Society.  Waldemar  Koch  was  only  thirty-seven  years  of 
age  when  he  died  and  he  was  young,  therefore,  as  the  years  gp, 
but  he  had  attained  in  Science  a  place  which  not  rarely  Js  the 
reward  of  later  years  only  with  others.  What  he  did  accomplish, 
however,  was  but  the  prologue,  as  it  were,  of  a  career  of  greater 
distinction  which  the  years  to  come  seemed  abimdantly  to  prom- 
ise, and  which  he  might  hope  to  achieve.  That  hope  has  been 
denied  and  we  who  know  him  can  but  deplore  our  loss  as  weD 
as  his — ours,  because  he  was  a  worthy  companion  enrolled  with 
us  in  the  scientific  legioh.  To  the  older  in  its  ranks  to  whom  be 
seemed  to  be  of  the  blood  strain  from  which  leaders  in  the  l^on 
come,  as  well  as  to  the  younger  to  whom  he  was  a  loved  comrade, 
there  remains  and  will  remain  a  keen  regret  for  his  early  fate, 
but  therewith  will  remain  also  a  cherished  remembrance,  and  a 
thankfulness  that  he  marched  with  us,  even  for  so  short  a  time, 

towards  the  distant  watch  fires  of  Truth. 

A.  B.  Macalluu. 
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THE  ORIGIN  OF  MUSCULAR  ENERGY:  THERMODYNAMIC  OR 

CHEMODYNABHC  ? 

By  a.  B.  MACALLUM. 

The  question  of  the  source  and  the  mode  of  production  of  the 
energy  evolved  in  muscular  contraction  is  one  which  has  been 
regarded,  ever  since  the  experimental  method  was  introduced  in 
physiology,  as  amongst  the  most  fundamental  and  the  most  elu- 
sive in  the  whole  range  of  vital  phenomena.  It  was  early  recog- 
nized that  the  problem  required  for  its  solution  more  data  than 
were  then  available  or  were  ascertainable  and  that  the  solution 
itself  would  have  to  wait  for  those  data  indefinitely.  There  were 
some  who  held  that  the  problem  was  essentially  an  insoluble  one. 

There  was,  however,  speculation  and  the  first  to  advance  an 
explanation  based  on  rational  grounds  was  J.  R.  Mayer,^  who 
in  1845  propounded  the  view  that  muscle  in  doing  work  conducts 
itself  as  a  thermodynamic  machine  or  heat  engine,  in  which  heat 
is  produced  by  the  combustion  of  material  in  the  muscle  and  a 
portion  of  the  heat  so  produced  is  transformed  into  work.  This 
view,  although  it  had  the  support  of  a  number  of  isolated  thinkers 
on  the  subject,  was  not  generally  received  and  as  late  as  1879 
Hermann^  rejected  it  on  the  score  that  there  was  not  a  single 
fact  to  be  adduced  in  its  support.  Three  years  later,  that  is, 
in  1882,  Fick'  formulated  definitely  the  objections  to  the  theory. 
He  pointed  out  that  if  muscle  is  a  thermodynamic  engine  it  must 
work  in  accord  with  the  second  law  of  thermodynamics.  Now 
in  every  thermodynamic  machine,  as,  e.g.,  the  steam  engine,  the 

'  Mayer,  J.  R. :  Die  organische  Bewegung  in  ihren  Zusammenhang  mil 
dem  Stofftoechsel,  Heilbronn,  1846. 

*  Hermann,  L.:  Handbuch  der  Physiologic ,  i,  Pt.  1,  p.  247,  1877. 

*  Pick,  A. :  Mechanische  Arbeit,  1882. 
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process  by  which  work  is  produced  can  only  be  carried  out  by  the 
passing  of  heat  from  one  body  of  higher  temperature  A  to  another 
of  lower  temperature  B  under  such  conditions  that  a  portion  d 
the  heat  so  transferred  is  converted  into  work.  The  quaatify 
of  heat  so  converted,  that  is,  the  amoimt  of  work  done,  caa  be 
ascertained  accurately  provided  that  the  quantity  of  heat  trans- 
ferred is  known  as  well  as  the  temperatures  of  A  and  B  and  ct 
the  medium  by  which  the  transfer  is  accomplished  and  provided 
also  the  final  state  of  this  medium  is  the  same  as  its  inttiai 
state.  The  amoimt  of  work  so  produced  is  represented  in  Uie 
equation: 


Qo  -  QT, 


I---) 


in  which  Qo  indicates  the  quantity  of  heat  energy  converted  into 
work,  Q  the  amount  of  heat  passed  from  l^e  body  A  of  higher 
absolute  temperature,  Ti,  to  the  body  B  of  lower  absolute  tem- 
perature, T2,  and  To  the  absolute  temperature  of  the  medium. 
Under  the  most  favorable  circumstance  To  =  Ti  and  in  the  most 
efficient  engines  Qo  =  i  Q.  Accordingly,  in  muscle,  which,  if  a 
thermod3rnamic  machine,  must  be  considered  as  a  highly  efficient 
one,  T2  can  only  be  the  absolute  temperature  of  the  body  or 
273^  +  37^  =  310^C.  and,  therefore,  by  the  equation,  Ti  =  387* 
or  114°C.  This  involves  a  very  much  higher  temperature  than 
has  been  postulated  to  occur  in  muscle  during  contraction  ^4iile 
the  actually  observed  temperature  after  a  single  contraction  does 
not  exceed  O.OOl^C.  above  that  of  the  same  muscle  at  rest.  This 
makes  it  impossible  to  suppose  that  the  quantity  of  work  resulting 
could  be  developed  in  this  manner. 

That  muscle  can  under  circumstances  which  are  of  course  un- 
usual develop  energy  into  work  thermodynamically  Pick  does  not 
deny  but  in  such  cases  the  quantity  of  heat  transformed  into 
work  is  so  small  that  it  does  not  help  us  in  believing  that  the 
transformation  of  heat  into  work  occurs  in  ordinary  muscle  con- 
traction. An  instance  of  this  he  gives.  A  muscle,  extended  by 
a  weight  at  20°C.  is  warmed  to  BC^C.  It  shortens  and  lifts  the 
weight.  It  does  additional  work  if  it  is  gradually  unloaded  at . 
this  temperature  until  the  attached  weight  =  0.  It  is  then  cooled 
to  20°C.  in  order  to  allow  it  to  resume  its  ordinary  or  unextended 
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length  characteristic  of  that  temperature.  It  is  now  extended  by 
gradually  mcreasing  weight  till  the  latter  is  as  great  as  in  the 
first  instance.  It  is  now  re-warmed  to  30**C.  when  the  work  done 
is  represented  by  the  weight  raised  multipUed  by  the  distance 
through  which  it  is  raised.  In  these  two  cycles  the  muscle  received 
heat  from  outside  and  a  portion  of  it  is  transformed  into  work, 
which,  however,  is  small  in  amount  but  its  production  is  in 
accord  with  the  second  law  of  themiodynamics. 

With  the  rejection  of  the  thermodynamic  hypothesis  there  re- 
mained two  other  hypotheses,  one,  that  the  energy  of  muscular 
contraction  is  derived  from  electrical  energy,  the  other  that  it 
is  derived  from  the  energy  of  chemical  attraction.  Regarding 
the  former  little  need  be  said.  It  did  not  attain  any  currency 
or  influence  speculation  or  stimulate  experiment  and,  further,  as 
a  theory  did  not  render  intelligible  in  any  respect  any  portion  of 
the  problem  as  to  the  origin  and  mode  of  production  of  the  energy 
of  muscular  work. 

The  second  of  these  two  theories,  that  which  postulates  that 
muscular  contraction  results  from  the  action  of  the  attractive 
forces  of  molecules  and  atoms  on  each  other  had  the  support  of 
Pick,**  Pflliger*  and  others.  This  theory  assumes  that  the  mole- 
cules, on  the  combination  of  which  muscular  contraction  depends, 
are  arranged  within  the  contractile  substance  of  muscle  fibre  in 
such  a  way  that,  when  the  excitant  action  develops,  they  approach 
each  other  in  the  direction  of  the  long  axis  of  the  muscular  fibrils 
and  thus  there  results  a  shortening  of  the  latter.  This  theory  is 
accordingly  known  as  the  chemodynamic  theory.  It  was,  until 
recently,  practically  the  only  resort  for  those  who  rejected  the 
thermodynamic  origin  of  muscular  contraction  but  it  also  had 
its  critics  who  claimed  that  it  did  not  in  the  ultimate  analysis 
afford  any  intelligible  explanation  of  the  phenomena  of  contrac- 
tion. Engelmann  pointed  out  that  in  a  gram  of  muscle  the  ele- 
vation of  temperature  produced  by  one  contraction,  namely, 
0.001  ®C.  or  0.001  calorie,  postulated  a  combustion  of  one-four 
thousandth  of  a  milligram  of  carbohydrate  or  one-four  millionth 
of  the  muscle  substance.    This  minute  portion,  set  in  a  soft 

*  Fick  A.:  Medizimache  Physik,  3te  Aufi.,  p.  206,  1885. 

*  Pfluger,  E.  F.  W. :  Ueber  die  physiologische  Verbrennung  in  den  leben- 
digen  Organismen,  Arch.f.  d.  ges.  Physiol.,  x,  p.  329. 
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watery  mass,  must,  as  requi 
parts,  less  one,  in  motion  ir 
There  is  a  further  inherent  di 
erate  the  movement  are  so 
substance  and,  therefore,  so  f 
between  any  two  of  them  mi 
through  which  molecular  atti 

Engelmann*  accepted  the 
origin  of  muscular  energy.  I 
temperature  demanded  in  tht 
to  account  for  the  amount  of 
temperature  observed  is  so  I 
most  0.005°  and  usually  onl 
but  he  explained  that  this  is  a 
muscle  while  the  points  when 
mal  in  size.  At  a  very  minu1 
the  temperature  must  fall  so 
substance  around  each  point 
stroyed  in  this  fashion  than 
hating  the  furnaces.  "The 
destroyed;  the  vessel  as  a  wh 

Engelmann  advanced  somt 
attached  a  moistened  catgut 
to  a  base  and  by  the  other  t( 
Wound  round  the  string,  bu 
was  a  spiral  of  platinum  wii 
the  poles  of  a  Bunsen  or  Gr 
The  base  with  the  striry?  an 
which  at  ordinary  temperatui 
under  a  weight  of  25-50  grar 
the  wire  for  some  seconds,  tJ 
the  string  was  heated  quickl; 
and  the  lever  inscribed  a  curv 
like  the  curve  of  the  normal  i 
this  was  found  what  may  be 
quickly  developing  shortenini 

■Engelmann.  Th.  W.:  Ueber  a 
Leipzig,  1893:  On  the  Nature  of 
Ivii,  p.  411, 1895. 
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decreasing  relaxation.  Further,  the  strength  of  the  shortening 
power  increased  with  the  load  up  to  a  certain  point.  The  con- 
traction could  be  repeated  as  often  as  wished  and  the  result  was 
the  same.  The  same  phenomena  were  manifested  by  a  caoutchouc 
string. 

In  these  experiments  the  heat  supplied  to  the  string  was  derived 
from  the  current  passing  through  the  wire.  A  portion  of  the 
heat  received  by  the  string  was  transformed  into  work.  Engel- 
mann  associated  this  power  to  convert  heat  into  work  with  the 
doubly-refractive  material  which  exists  in  violin  strings  of  the 
type  he  used,  in  caoutchouc  bands,  as  well  as  in  muscle  fibre  and 
he  regarded  the  doubly-refractive  substance  &s  directly  concerned 
in  this  transformation. 

These  views  of  Engelmann  were  advanced  in  1893  and  again 
in  1895  and  they  were  criticized  by  Fick'  who  maintained  that 
they  were  inadequate  to  explain  the  mode  of  production  of  the 
energy  of  muscular  contraction.  He  pointed  out  that  the  violin 
string  shortening  and  relaxing  in  the  apparatus  employed  by 
Engelmann  did  not  fulfil  the  conditions  demanded  in  a  reversible 
thermodynamic  machine  of  the  Carnot  type  or  of  that  of  Clausius. 
Also  the  amount  of  work  performed  by  such  a  string  is  so  small 
as  to  be  almost  negligible.  Fick  calculated  that  the  transsectional 
area  of  Engelmann's  apparatus  was  3  cm.^  and  the  length  of  the 
string  2  cm.  It  lifted  50  grams  to  a  height  of  0.5  mm.  A  muscle 
of  like  sectional  area  and  like  length  would  at  least  raise  10  kilos 
through  the  same  distance,  that  is,  it  would  do  two  hundred 
times  as  much  work.  Moreover  Fick  estimated  that  in  a  muscle 
of  1  cm.*  in  cross  section  the  inotagmata,  or  doubly  refracting 
elements  which,  according  to  Engelmann,  transformed  heat  into 
work  do  not,  all  told,  give  a  transsectional  area  of  more  than 
0.01  mm.*  and  yet  these  delicate  elements  are  supposed  to  develop 
all  the  energy  of  muscle  contraction. 

Since  1895,  the  thermodynamic  hypothesis  has  undergone  a 
transformation  which  is  largely  the  result  of  the  general  accept- 
ance of  the  van't  Hofif-Arrhenius  theory  of  solutions.  This  theory 
postulates  that  substances,  electrol3rtes  and  non-electrolytes,  dis- 
solved in  a  fluid  are  in  a  gaseous  condition  and  thus  exercise  within 

'Fick  A.:  Einige  Bemerkungen  zu  Engelmann's  Abhandlung  fiber  den 
Ursprung  der  Muskelkraft,  Arch,  f,  d,  ges.  Physiol.,  liii,  p.  611,  1803. 

TBC  JOUBNAL  OF  BIOLOGICAL  CHSMIBTBT,  VOL.  XIT,  MO.  2 
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the  limits  of  the  solution  gas  pressures  equal  to  their  conceii- 
trations.  If  now  two  fluids,  one  containing  solutes  and  the  other 
pure,  be  separated  by  a  movable,  semi-permeable  membrane  the 
latter  will,  according  to  the  theory,  be  displaced,  driven  as  it 
were  by  the  pressure  of  the  molecules  and  ions  of  the  sohite, 
through  the  pure  fluid  just  as  the  plate  of  a  piston  in  a  steam 
cylinder  is  driven  by  the  head  of  pressure  of  steam  behind  ii 
Such  a  displacement  of  the  membrane  postulates  of  course  that 
water  or  the  pure  fluid  passes  through  the  membrane,  in  other 
words,  that  the  solution  is  diluted  and  increased  in  volume.  If 
a  piston  rod  is  connected  with  the  membrane,  work,  that  is, 
mechanical  energy,  'may  be  produced.  It  is  now  possible  to  re- 
verse the  process  by  partially  freezing  the  solution  and  removing 
therefrom  the  ice  crystals  thus  formed,  the  water  from  which  is 
added  to  the  fluid  on  the  other  side  of  the  membrane.  The  latter 
is  then  displaced  in  the  opposite  direction,  work  is  again  done 
and  the  system  is  once  more  in  the  initial  state,  that  is,  ready  to 
begin  the  cycle  of  operations  over  again. 

This  is  indeed  the  Camot  principle  with  but  a  slight  variation 
and  it  is  the  fundamental  meaning  of  all  the  views  based  on  the 
principle  of  osmotic  pressure  which  have  been  advanced  to  explain 
muscular  contraction.  This  is,  therefore,  the  significance  of  the 
theories  cdvanced  by  McDougall,*Pauli'  and  others,  which  account 
for  the  contraction  of  the  sarcostyles  in  muscle  fibres,  by  the  pas- 
sage of  water  into  them  from  without,  causing  them  to  swell  and 
thereby  to  shorten.  This  process  of  "  Quellung' '  or  imbibition  must 
be  due  to  a  force  inside  the  sarcomeres  like  that  which  operates 
in  the  solution  on  one  side  of  the  semi-permeable  membrane  and 
causes  the  water  to  pass  through  the  latter  from  the  other  side, 
that  is,  the  pressure,  whatever  may  be  its  causation,  which  obtains 
in  the  interior  of  a  sarcostyle  at  the  moment  of  excitation  is 
greater  than  the  pressure  in  the  sarcoplasm.  The  origin  of  this 
pressure  may  be  due  to  a  greater  number  of  molecules,  or  of 

*  McDougall,  VV.:  On  the  Structure  of  Cross-striated  Muscle  and  a  Sug- 
gestion as  to  the  Nature  of  its  Contraction,  Jowm,  of  Anat,  and  Phynol., 
xxxi,  p.  410,  1897;  also:  A  Theory  of  Muscular  Contraction,  ibid.j  xxxii, 
p.  187,  1898. 

•Pauli,  WoUg.:  Kolloidchemie  der  Muskelkontracktiont  Dresden  and 
Leipzig,  1912.    • 
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molecules  and  ions  of  lactic  acid,  for  instance,  or  it  may  be  due 
to  ion-proteins,  formed  from  anions  and  proteins,  which  cannot 
pass  through  membranes  and  yet  exert  an  osmotic  pressure.  This 
is  practically  Pauli's  explanation  of  the  hydratising  powers  of 
colloids  on  which  the  "Quellung"  or  imbibition,  and  thereby  also 
the  contraction  of  muscle  fibres,  are  based. 

It  is  a  remarkable  fact  that  all  these  theories  are  often  classified 
as  chemodynamic,  apparently  because  they  make  use  of  concepts 
and  theories  of  physical  chemistry  which,  it  is  forgotten,  are 
largely  based  on  thermodynamics.  It  is  indeed  generally  accepted 
that  the  ultimate  source  in  muscle  fibres  of  the  energy  of  con- 
traction is  to  be  found  ultimately  in  certain  organic  compounds 
which  on  combustion  yield  their  energy  in  the  kinetic  form  and 
so  far  it  may  be  said  that  the  energy  of  muscular  contraction  is 
chemodynamic,  but  the  energy  given  out  as  work  in  a  gas  engine 
b  derived  from  the  explosive  combustion  of  the  gas  employed 
and  yet  we  do  not  consider  the  gas  engine  a  chemodynamic  but 
a  thermodynamic  machine. 

The  chemodynamic  theory  that  was  accepted  by  Fick,  Pfliiger 
and  others  was  based  purely  on  the  chemical  affinity  between 
oxygen  on  the  one  hand  and  carbon  and  hydrogen  of  organic 
compounds  in  muscle  fibres  on  the  other,  and  when  the  muscle 
fibre  is  under  the  influence  of  excitation  this  affinity  was  supposed 
to  be  allowed  free  play  with  the  result  that  carbon  and  hydrogen 
atoms  moved  rapidly  toward  oxygen  atoms  or  vice  versa.  As  this 
line  of  movement  was  supposed  to  be  in  the  long  axis  of  the  muscle 
fibre  it  postulated  that  the  latter  shortened.  Here  the  primary, 
the  fundamental,  force,  the  sole  force  concerned,  was  supposed 
to  be  the  attraction  exercised  on  each  other  by  the  atoms  of  the 
substances  involved  in  the  combustion,  and  osmotic  pressure  was 
supposed  to  function  only  to  the  extent  of  promoting  the  diffusion 
into  the  muscle  fibres  of  the  material  undergoing  combustion  and 
the  removal  of  the  waste  products. 

The  osmotic  principle  if  it  plays  the  part  in  promoting  muscular 
contraction  required  in  the  theories  of  Pauli,  McDougall  and 
others  is  a  thermodynamic  one  and  it  is,  in  consequence,  open 
to  all  the  objections  that  Fick  urged  against  thermodynamic 
explanations  in  general  of  muscular  contraction.  There  are  others, 
one  of  which  concerns  the  time  which  explanations  b^ed  on  osmo- 


xvi  Presidentia 

eis  demand.  The  process  of  imb 
It  is  impossible  to  conceive  that  n 
from  the  sarcoplasm,  not  in  a  thi 
but  as  in  the  case  of  the  wing  mu 
two  thousandth  of  a  second.  Me 
by  suggesting  that  imbibition  is 
case  of  a  cotton  string  brought  in 
of  a  second.  It  may  be  point< 
though  less,  perhaps,  than  a  sec 
postulated  in  the  muscle  fibre 
interstices  of  a  string  through  tl 
which  does  not  play  a  part  in  i 
the  "Quellung"  theories,  based,  ; 
pressure. 

Another  fundamental  objection 
lung"  theories  is  that  the  volumt 
discs  of  the  sarcostyles  in  contrac 
appreciably  different  from  that  c 
tion  and  this  Hiirthle"  confirms 
he  was  unable  to  find  an  increa 
when  they  contracted.  Schafer, 
muscles,  for  example,  those  of 
sarcoplasm  between  the  sarcost; 
account  for  the  necessary  incres 
involved  accordinfc  to  the  theory 
ptasm  were  absorbed  by  the  fib 
insect  wing  muscle  fibres  contract 
that  is,  fluids  in  which  the  osmo 
which  obtains  in  the  interior  of  t 

Founded  on  the  osmotic  princi 
advanced  in  1908.  This  differs 
and  Pauli  only  in  that  it  is  most 

'«  SchWer,  E.  A. :  On  McDougaH'i 
Qunrter-ly  Journ.  of  Exp.  Physiol.,  iii, 

"Hurthle,  K.:  Ucher  die  Strukti 
von  Hydrophilus  im  rtlhcnden  und  tat 
cxxvi,  p.  125,  1909. 

"  Zuiiti,  N. :  Dip  Kruftleistung  de 
GehurMage  Sr.  MnjeslSt  des  Kaitera,  i 
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estimates  that,  each  rod  in  a  sarcostyle  having  a  height  of  6m  and 
a  diameter  of  1m,  there  would  be  about  5  X  10^*^  of  such  rods  in 
a  s^ment  of  muscle  of  1  cm.'  sectional  area  and  1  cm.  length 
and  these  would  have  a  surface  area  of  8928  cm.'  available  for 
osmotic  work.    Inside  of  these  rods  combustion  takes  place  at 
the  banning  of  contraction  and  the  carbon  dioxide  formed  is 
sufficient  imder  ordinary  conditions  to  give  an  osmotic  pressure 
of  about  5  grams  per  1  cm.',  but  as  the  temperature  of  combustion 
is  6400°C.  this  pressure  is  raised  to  462  grams  per  1  cm.'    This 
latter  exceeds  the  pressure  in  the  sarcoplasm  and  in  consequence 
water  quickly  passes  from  the  sarcoplasm  into  the  sarcostyles, 
each  rod  of  which  swells  and  assumes  a  spherical  shape  and,  in 
consequence,  the  muscle  contracts.    Immediately  thereafter  the 
heat  radiates  from  the  rods  into  the  sarcoplasm,  the  pressure 
falls  and  water  passes  out  of  the  rods  and  therewith  also  carbon 
dioxide  and  other  products  formed  inside  the  sarcostyle  at  the 
moment  of  contraction.    The  radiation  of  heat,  the  fall  of  pres- 
sure and  the  passage  of  water  from  the  rods  are  all  coincident 
with  and  cause  relaxation  of  the  sarcostyles,  that  is,  the  muscle 
lengthens. 

There  are  several  objections  to  be  urged  against  this  theory 
some  of  which  have  been  advanced  against  the  '^Quellung"  theo- 
ries. These  are  the  enormously  high  temperature  postulated,  the 
rate  at  which  diffusion  of  water  into  and  from  the  sarcostyles 
must  take  place  and  the  impossibility  of  explaining  how  the  mem- 
brane enclosing  the  rods  should  at  one  moment  be  impermeable 
to  carbon  dioxide  and  in  less  than  0.001  second  thereafter  become 
readily  permeable. 

A  temperature  of  over  6000°C.  in  the  rods  of  the  sarcostyles 
is  unthinkable.  It  would  destroy  the  organic  matter  completely 
at  the  point  where  it  would  be  produced  and  it  would  cause  dis- 
sociation, not  only  of  the  carbon  dioxide  into  carbon  monoxide 
and  oxygen  but  also  of  some  of  the  water  molecules  into  hydrogen 
and  oxygen.  Vesicles  filled  with  carbon  monoxide,  hydrogen  and 
oxygen  would  be  formed  and  laceration  of  the  internal  structure 
of  the  rods  would  ensue. 

The  rate  at  which  diffusion  of  water  into  the  sarcostyles  takes 
place  is  estimated  by  Zuntz  to  be  extraordinarily  rapid  as  indeed 
it  would  have  to  be  theoretically.    Assuming  that  oxygen  diffuses 
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in  muscle  as  rapidly  as  it  does  from  the  capillaries  of  the  frog*s 
lungs  through  the  intercapillary  tissue  of  the  latter,  he  calculates 
that  0.0012  second  would  be  required  for  the  oxygen  to  pass  fnan 
the  sarcoplasm  to  the  centre  of  a  sarcostyle  and  that,  as  diffuskm 
of  a  substance  occurs  at  a  rate  directly  as  the  square  root  of  its 
molecular  weight,  water  would  pass  from  the  sarcoplasm  into 

the  centre  of  the  sarcostyles  in —= second  or  about 

0.0008  second.  This  would  provide  a  velocity  more  than  sufiS- 
ci^ntly  great  to  account  for  a  contraction  which  lasts  only  0.03 
second.  According  to  the  same  calculation  the  carbon  dioxide 
at  the  same  tension  would  diffuse  from  the  sarcostyle  into  the 
sarcoplasm  in  0.0019  second  but  much  more  rapidly  than  this  at 
th^  tension  which  would  obtain  in  the  sarcostyles  when  the  con- 
traction develops.  There  would,  therefore,  be  little  or  no  diffusion 
of  water  into  the  sarcostyles  if  the  superficial  membranes  of  the 
latter  were  permeable  to  the  carbon  dioxide  at  that  moment 
If  impermeable  how  do  they  become  permeable  when  relaxation 
is  to  begin?  Zuntz  offers  no  explanation  of  this.  Indeed  he  is 
silent  altogether  on  this  point. 

Zuntz  estimates  also  that  the  volume  of  the  sarcostyles  would 
in  a  strong  contraction  increase  about  84  per  cent.  Here  too 
may  be  i^ged  the  fact  that  McDougall,  Schafer  and  Hurthle  have 
been  unable  to  find  any  increase  in  volume  of  the  sarcostyles  in 
contraction. 

It  follows  from  all  this  review  that  the  "Quellung"  theories  of 
muscle  contraction  present  difficulties  which  are  almost  as  great 
as  the  problem  which  they  are  intended  to  solve  or  explain.  The\' 
are  all  based  on  the  hypothesis  that  the  breakdown  of  the  com- 
poimd  responsible  for  the  production  of  the  heat  of  a  muscle 
contraction  immediately  precedes  or  completely  synchronizes  with 
that  contraction.  This,  £ts  A.  V.  Hill^'  has  pointed  out,  is  very 
doubtful.  We  have  no  means  of  demonstrating  this  synchronism 
if  it  obtains.  Another  assumption,  sometimes  explicitly,  some- 
times^ tacitly  made,  is  that  this  heat  is  derived  from  the  com- 
bustion of  a  carbohydrate,  that  is,  of  a  glucose  or  glucose-holding 

"  Hill,  A.  V. :  The  Heat  Production  of  Surviving  Amphibian  Muscles, 
during  Rest,  Activity  and  Rigor,  Journ.  of  Physiol, ,  xliv,  p.  466,  1912. 
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body,  whereas  the  work  of  Fletcher,  Hopkins  and  Hill  seems  to 
indicate  that  it  is  produced  by  the  breakdown  of  a  lactic  acid 
complex  which  sets  free  that  acid  and  at  the  same  time  more 
heat  than  is  produced  in  the  complete  combustion  of  glucose. 
In  the  presence  of  oxygen  this  complex  is  built  up  again  out  of 
the  lactic  acid  and  other  products  of  its  breakdown  and  in  that 
synthesis  heal  energy  is  transformed  into  chemical,  that  is,  poten- 
tial energy. 

These  observations  seem  to  give  a  new  aspect  to  the  question 
of  the  origin  and  mode  of  production  of  muscular  energy.  They 
do  not,  of  course,  dispose  finally  of  the  "Quellung*'  theories. 
Th^^  are,  as  already  indicated,  open  to  serious  objections  on 
their  own  score  alone.  What  is  shown  is  that  the  processes  in- 
volved are  not  so  simple  as  postulated  in  the  hitherto  advanced 
thermodynamical  theories  of  muscular  contraction. 

It  is  evident  also  that  we  cannot  account  for  the  energy  of 
muscular  contraction  on  the  basis  of  a  chemodynamic  process  such 
as  Verwom  and  others  held.  The  difficulty  involved  in  the  accept- 
ance of  such  a  chemodynamic  theory  was  clearly  indicated  by 
Engelmann  and  the  objection  is  irrefutable  in  view  of  the  results 
of  Fletcher's,  Hopkins'  and  Hill's  investigations.  Must  we  then 
after  all  fall  back  on  some  thermodynamic  explanation? 

My  answer  to  this  is  that  we  have  still  an  explanation  which 
is  not  a  thermodynamic  one  and  yet  is  not  chemodynamic  in  the 
sense  of  that  term  as  employed  by  Fick,  Pfliiger  and  Verworn. 
This  explanation  postulates  as  the  chief  factor  in  muscular  con- 
traction the  attraction  between  the  molecules,  constituting  the 
superficial  film  of  a  sarcostyle  and  forming  an  interface  with  the 
sarcoplasm  surrounding  the  sarcostyle.    This  attraction  is  the 
cauSe  of  the  surface  tension  in  the  superficial  film  of  every  fluid, 
semi-fluid,  or  semi-viscid  system  and  obtaining,  therefore,  in  the 
superficial  film  of  each  sarcostyle.    In  the  doubly-refractive  discs 
of  insect  wing  muscle  fibrils  the  tension  is  not  equal  throughout 
the  whole  of  the  surface  film  because  the  structure  is  not  spherical, 
which  it  should  be  if  the  tension  were  uniform.    This  view  is 
supported  by  the  fact  that  potassium  salts  which  are  present  in 
the  doubly-refractive  discs  are  localized  or  condensed  at  the  ends 
of  their  longitudinal  axes,  a  fact  I  hold  due  to  the  Gibbs-Thomson 
principle,  according  to  which  condensation  of  salts  and  other 
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solutes  in  a  system  is  effected  where  the  surface  tension  is  lower 
than  elsewhere.  This  indicates  that  the  surface  tension  is  lowier* 
at  the  ends  of  the  discs  than  on  their  lateral  or  longitudinal  sur- 
faces. When  the  discs  contract  they  tend  to  become  sphmcal 
and  can  be  seen  to  assimie  a  greater  curvature  on  thrir  longi- 
tudinal surface,  a  result  which  would  indicate  that  either  the 
terminal  faces.develop  a  jgreater  surface  tension  or  the* longitudinal 
surface  film  suffers  a  decrease.  I  am  inclined  to  r^ard  the  latter 
as  the  correct  interpretation. 

How  this  decrease  is  brought  about  is  another  question.  If  the 
nerve  impulse  is  merely  a  change  of  potential  travelling  alcmg  a 
nerve,  its  arrival  at  the  surface  of  the  fibril  would  diminish  imme- 
diately and  for  a  moment  the  attraction  between  tiie  molecules 
on  which  surface  tension  of  the  superficial  film  depends,  each 
sarcous  disc  would  become  more  spherical  and  the  muscle  would 
shorten.  The  diminution  would  develop,  when  initiated,  in  less 
than  one-ten  thousandth  of  a  second  and  it  would  continue  as 
long  as  the  charge  remained  in  the  longitudinal  surface  of  the 
disc. 

One  can,  with  this  explanation,  accoimt  for  the  other  phenomena 
of  contraction.  The  breakdown  of  the  lactic  acid  precursor  is 
one  of  these.  It  is  an  observed  fact  that  chemical  action  at 
interfaces  is  more  intense  than  throughout  the  systems  forming 
the  interfaces,  especially  when  the  tension  of  the  latter  is  low«^. 
A  momentary  diminution  of  the  surface  tension  on  the  longitudi- 
nal surface  of  the  sarcous  discs  would  tend  to  promote  chemical 
change  and  this  would  possibly  involve  the  breakdown  of  the 
lactic  acid  precursor.  On  the  reestablishment  of  the  surface  ten- 
sion in  its  original  strength  the  reverse  chemical  action  would 
develop,  perhaps  at  the  expense  of  the  heat  of  the  breakdown 
process  or  of  the  combustion  of  other  constituents  of  the  sarco- 
styles  or  sarcoplasm,  or  of  both  the  sarcostyles  and  sarcoplasm. 

The  inequality  of  surface  tension  in  the  sarcous  disc  must  (in- 
stantly involve  the  expenditure  of  energy,  energy  set  free  in  the 
metabolic  processes  which  go  on  in  the  resting  muscle.  In  the 
resting  muscle  the  repair  or  restorative  processes  keep  pace  with 
those  of  the  breakdown  which  are  accentuated  in  the  contracting 
muscle  while  in  the  relaxing  the  restorative  predominate.  It  may 
be  that  the  superficial  molecules  are  formed  of  the  lactic  acid 
precursor. 
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This  explanation  of  the  origin  of  muscular  energy  has  the  merit 
of  being  consistent  with  the  motor  function  in  amoeboid  move- 
meiit  of  protoplasm,  in  cilia,  and  in  the  contractile  stalk  of  Vorti- 
ceUa  which  is  generally  accepted  as  a  surface  tension  effect.    It 
falls  into  line  with  the  view  that  in  the  interior  as  well  as  on  the 
exterior  of  living  matter  evolution  has  been  at  work  without  a 
break  in  continuity  from  the  simplest  form  to  the  most  complex 
and  that  everything  in  the  highest  form  of  life  is  potentially  in 
the  lowest.    Surface  tension  is  the  force  which  in  the  lower  organ- 
isms is  the  sole  factor  in  the  motor  function.    Can  we  bring  our- 
selves to  regard  it  as  a  lost  property  in  highly  specialized  structure 
like  muscle  fibre  and  accept  the  contractihty  of  the  latter  as  due 
to  an  ad  hoc  principle  exemplified  nowhere  else  than  in  striated 
muscle  fibre?    The  free  energy  on  the  surface  of  living  matter 
or  of  the  interfaces  between  its  different  parts,  is  the  most  readily 
available  of  all  the  energy  in  such  a  system  and  the  evolutionary 
principle  must  have  developed  out  of  that  free  energy  a  force 
which  in  its  highest  or  most  specialized  form  is  as  remote  from 
the  simple  surface  tension  of  a  mass  of  primitive  sarcode  only 
as  the  steam  engine  is  from  the  steam  kettle. 

It,  of  course,  may  be  urged  that  in  the  final  analysis  the  rational 
conception  of  muscle  as  a  structure  whose  function  is  to  produce 
mechanical  work  involves  the  thermodynamic  principle.  I  am 
not  inclined  to  deny  that;  for  the  point  of  view  must  depend,  in 
this  case,  on  the  definition  of  the  terms  used.  It  can  be  said 
that  the  bent  steel  blade  is  a  part  of  a  thermodynamic  engine 
because  it  can  produce  work  from  the  energy  stored  up  in  the 
elastic  strain  but  derived  originally  from  heat  energy  employed 
in  bending  the  blade.  The  high  surface  tension  on  the  lateral  or 
longitudinal  surface  of  each  sarcous  element  is  like  the  energy 
stored  in  the  bent  steel  blade  and  if  it  could  be  proved  to  be  derived 
directly  from  the  kinetic  energy  derived  from  metabolism  in  each 
sarcous  disc  the  latter  would  be  a  heat  engine.  It  would,  how- 
ever, be  otherwise  if  the  energy  of  surface  tension  were  only 
remotely,  not  immediately,  of  kinetic  origin.  If  immediately  of 
chemical  origin  does  the  second  law  of  thermodynamics  apply 
here?  In  a  Daniel  cell,  which  may  be  looked  upon  as  a  chemical 
engine,  practicaUy  all  the  energy  liberated  appears  as  electrical 
energy  and  as  much  of  it  as  90  per  cent  may  be  converted  into 
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mechanical  energy  and  could  we  get  rid  of  friction  theoreticaQjr 
the  whole  of  the  original  energy  liberated  could  be  so  trsxudoimA 
To  bring  the  cell  back  to  its  initial  state  an  equivalent  amotat 
of  electrical  energy  must  be  sent  into  the  cell  in  the  opposte 
direction  and  that  amoimt  may  be  produced  by  a  heat  ao^iie 
turning  a  dynamo.  The  cell  is,  therefore,  at  least  one  degree 
removed  from  a  thermodynamic  machine  and  'may  be  classed  » 
a  chemical  engine.  In  that  respect  the  sarcous  disc  is,  I  hdd, 
also  a  chemical  engine. 

If,  consequently,  surface  tension  is  the  dominant  factor  in  the 
production  of  muscular  contraction  muscle  is  not  a  heat  engine 
but  a  chemodynamic  one.  The  advantage  of  this  point  of  view 
over  that  of  the  thermodynamic  one  lies  in  the  fact  that  the 
theory  concerned  seems,  in  the  language  of  the  pragmatist,  "to 
work"  and  it  enables  us  to  avoid  labored  explanations  of  the  origin 
of  muscular  energy  involving  the  cult  of  the  ion  and  the  semi- 
permeable membrane,  or  attributing  thaimiiaturgic  and  inscrutable 
proi>erties  to  colloids. 

NOTE. 

Attempts  have  been  made  to  estimate  the  total  surface  energy  avail- 
able in  muscle,  based  on  a  postulated  value  of  the  surface  tension  of  proto- 
plasm. What  this  latter  is  is  not  known  but  Bernstein  assumes  that  it 
is  approximately  that  of  oil  in  contact  with  water,  that  is  22  dynes  per 
centimeter.  He  assumes  also  that  when  muscle  contracts  the  tension  is 
increased  in  order  to  yield  the  absolute  force  of  muscle  and  the  energy  t« 
overcome  the  elasticity  of  muscle.  What  the  increase  must  be  depends  oo 
the  degree  of  fineness  of  the  fibrils.  If  each  of  the  latter  has  a  diameter 
of  19.988  X  10-*  cm.  (=  2m)  and  the  force  is  3000  grams  the  surface  tenaion 
in  contraction  is  326  dynes  per  centimeter  and  that  of  the  resting  fibril 
would  be  22  dynes  per  centimeter.  With  fibrils  having  a  diameter  of  2  X 
10-*  cm.  (=*  0.2/i)  the  surface  tension  of  contraction  would  be  36  dynes 
per  centimeter  or  an  increase  of  14  dynes  above  the  postulated  surface 
tension  value  of  resting  muscle  fibrils. 

The  firmness  of  the  muscle  fibrils  is  in  itself  an  indication  that  their 
surface  tension  must  be  greater  than  that  of  oil  in  contact  with  water 
Further,  as  Jensen  has  pointed  out  (Anai.  Hefte,  xxvii,  p.  842),  a  thread 
measuring  1  mm.  in  diameter  formed  of  the  Plasmodium  of  Chondrioderma, 
a  Myxomycete,  may,  when  it  is  in  the  dense  condition,  bear  up  a  weight  of 
nearly  a  gram.  If  the  force  engaged  is  surface  tension  it  would  amount 
to  about  6000  dynes  per  centimeter.  If  the  threads  were  more  fluid  there 
would  be  a  decrease  in  this  value  but  even  at  one-fiftieth  dilution  the  ten- 
sion would  be  120  dynes  as  compared  with  73  d3mes  for  water. 
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In  Orbitolites,  a  marine  Foraminifer^  the  surface  tension  of  its  cytoplasma 
against  water  is  16  dynes.  The  cytoplasma  in  this  form  is  very  fluid  and 
mobile  and  is,  therefore,  in  contrast  in  this  respect  with  the  plasmodia 
of  Myxomycetes  and  very  possibly  also  with  the  material  constituting 
muscle  fibrils  and  the  sarcoplasma  about  them. 

It  is  not  improbable,  therefore,  that  surface  tension  may  be  very  high 
io  some  forms  of  living  matter  and  very  low  in  others  and,  consequently, 
ratixnates  of  the  surface  energy  derived  from  a  muscle  in  contraction,  based 
on  the  supposition  that  its  fibrils  have  a  surface  tension  as  low  as  that  of 
oil  in  contact  with  water,  are,  though  interesting,  far  from  being  of  assist- 
ance to  us  in  attempting  to  reach  a  solution  of  the  problems  involved. 
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THE  EXCRETION  OF  PURINE  CATABOLITES  IN  SUNDRY  TTPSS  OP 

MABOfALIA. 

By  MAURICE  H.  GIVENS  and  ANDREW  HUNTER. 

{From  the  Department  of  Physiology  and  Biochemistry y  Cornell  UmHrtit^ 

Medical  College,  Ithaca,  N,  Y.) 

Allantoin  has  been  isolated  from,  and  shown  to  be  a  regulAr 
constituent  of,  the  urine  of  the  rabbit,  horse,  pig,  cow,  dog,  cat, 
coyote,  monkey,  and  man.  To  this  list  we  can  now  add  the 
opossum,  porcupine,  guinea-pig,  sheep,  and  raccoon.  In  the  case 
of  the  opossum,  guinea-pig,  sheep,  coyote,  and  monkey  we  have 
collected  a  number  of  data  bearing  upon  the  extent  of  its  dwly 
excretion  in  starvation  or  on  a  purine-free  diet,  and  upon  the 
relation  of  the  same  to  the  simultaneous  excretion  of  uric  acid 
and  purine  bases.  Our  results  in  regard  to  the  latter  point  are 
summarized  in  the  following  table,  in  which,  for  the  sake  of  com- 
parison, we  have  included  (in  brackets)  a  variety  of  related  data 
from  other  sources. 


OBDER 


Marsupialia. 
Rodentia 


Ungulata. 


Carnivora. 


BPBaKB 


PBR  CENT  or  TOTAL  ALLANTOIX-PCnUXE 
MTTROGEN 


(  — 


Opossum 

(Rabbit) 

Guinea-pig. . 
(Horse) 

(Pig) 

Sheep 

(Dog) 

(Cat) 

Coyote 


Primates  /•  Monkey. 

^^"""^^^^ \|  (Man).. 


Allantoin 

Uric  acid 

73 

21 

94 

6 

93 

5 

79 

21 

89 

2 

72 

12 

97 

2 

97 

3 

96 

0 

74 

0 

2 

00 

Purliw 


9 

16 

1 

4 
*J6 

S 


XXIV 


Society  of  Biological  Chemists  xxv 

While  in  every  case  but  that  of  man  allantoin  appears  as  the 
principal  product  of  purine  catabolism,  it  is  apparent  that  its 
r61e  is  decidedly  more  prominent  in  some  species  than  in  others. 
So  far  as  they  go,  the  figures  suggest  that  for  each  order  there  is 
a  characteristic  "allantoin  ratio."  Its  values  are  such  as  to  indi- 
cate that  uricol3rtic  power  is  greatest  in  carnivores,  nearly  as 
great  in  rodents,  decidedly  less  in  ungulates  and  marsupials,  and 
practically  absent  in  man.  A  strict  evolutionary  sequence  is  not 
apparent,  although  the  extension  of  the  investigation  to  other 
species  and  orders  may  reveal  one.  The  work  is  being  continued 
from  this  point  of  view. 

STm>IES  OF  THE  EXCRETION  OF  ACID. 

By  LAWRENCE  J.  HENDERSON  and  WALTER  W.  PALMER. » 
(From  the  Chemical  Laboratory j  Massachusetts  General  Hospital,) 

In  exp)erimental  studies  arising  from  the  views  expressed  in  an 
earlier  paper  by  one  of  us,^  a  large  number  of  observations  upon 
the  excretion  of  acid  in  urine  have  been  made. 

The  concentration  of  ionized  hydrogen  has  been  estimated  in 
about  2500  samples  of  urine  from  about  500  individuals,  of  whom 
about  one-third  were  normal.  The  normal  mean  appears  to  be 
very  nearly  1 X  10-*  n  with  a  range  of  reaction  from  3  X  10-*  n 
to  1  X  10-*  N.  The  mean  in  pathological  cases  is  often  high,  and 
in  many  instances  is  5  X  10-*  n,  or  higher,  with  a  range  from 
3  X  10-«  N  to  2  X  10-*  N. 

We  have  never  found  a  significant  diminution  of  acidity  in 
pathological  cases,  nor  in  any  case,  normal  or  pathological,  a 
d^ree  of  alkalinity  greater  than  that  of  blood,  save  after  the 
administration  of  alkali. 

We  have  confirmed  the  observations  of  Sellards*  upon  the  action 
of  ingested  sodium  bicarbonate  upon  the  reaction  of  the  urine 
and  have  found  a  variety  of  cases  in  which  large  quantities  of 
alkali  were  without  effect  upon  the  hydrogen  ion  concentration. 

*  Henry  P.,Walcott  Fellow  in  Clinical  Medicine,  Harvard  Medical  School. 

*  L.  J.  Henderson :  A  Critical  Study  of  the  Process  of  Acid  Excretion, 
Joum.  Biol.  Chem.,  ix,  p.  403,  1911. 

*  A.  W.  Sellards:  The  Determination  of  Equilibrium  in  the  Human  Body 
between  Acids  and  Bases  with  especial  reference  to  Acidosis  and  Nephro- 
pathies, Bull.  Johns  Hopkins  Hasp.,  xxiii,  p.  289,  1912. 


xxvi  Scientific  Proceedings 

Further,  we  find  that  such  cases,  when  once  the  tirine  has  been 
made  alkaline,  upon  disconthiuhig  alkali  until  the  urine  is  oiioe 
more  acid,  respond  to  alkaU  in  a  normal  manner.  This  observa- 
tion leads  us  to  believe  that  Sellards's  term  "tolerance"  is  inexact, 
that  the  phenomenon  is  due  to  a  drain  of  alkali  from  the  body 
and  is,  in  fact,  a  real  test  for  the  condition  of  acidosis.  These 
oKservations  extend  to  a  much  larger  variety  of  cases,  in  which 
more  accurate  estimations  of  hydrogen  ion  concentration  wctc 
made,  than  have  been  observed  by  Sellards,  and  were  made  before 
we  were  aware  of  his  work. 

We  have  also  studied  the  quantity  of  acid  excreted  in  the  urine 
(excess  of  acid  plus  ammonia)  in  a  large  number  of  cases.  Tbe 
two  fractions  of  acid  excretion  appear  to  vary  independently, 
though  they  are  more  nearly  parallel  in  normal  cases,  in  which 
the  two  moieties  are  likely  to  be  nearly  equal. 

The  ammonia  appears  to  be  an  index  of  the  d^ree  of  acidosb 
only  in  those  cases  where  /3-oxybutyric  acid  is  produced. 

The  relation  between  hydrogen  ion  concentration  and  total 
quantity  of  acid  excreted  appears  to  provide  an  index  of  the 
efficiency  of  the  kidney  in  carrying  out  the  important  process  of 
acid  excretion;  this  "functional  test"  possesses  the  advantage  that 
it  involves  no  experimental  interference. 

We  have  reached  the  conclusion  that  mild  states  of  acidosis 
are  far  more  common  than  has  been  suspected,  and  that  the 
therapeutic  use  of  alkali  in  small  quantities  (until  the  urine 
reaches  the  reaction  of  blood)  is  often  desirable. 

None  of  our  observations  appear  to  afford  suppK)rt  for  the 
views  of  Martin  Fischer*  on  the  cause  of  nephritis. 

ON  THE  UTILIZATION  OF  AMMONIA  NITROGEN  IN  THE  PROTEIK 

METABOLISM. 

Bv  A.  E.  TAYLOR  and  A.  I.  RINGER. 

(From  the  Department  of  Physiological  Chemistry  of  the  University  of 

Pennsylvania,  Philadelphia,  Pa.) 

In  a  series  of  communications  by  Grafe  and  Abderhalden  in  the 
Zeitschrift  fiir  physiologische  Chemie,  they  showed  that  animab 
receiving  100  to  130  calories  per  kilo  of  body  weight  in  the  form 

*M.  H.  Fischer:  Nephritis,  New  York,  1912. 
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of  carbohydrates  and  fats,  when  given  ammonium  citrate,  car- 
bonate or  acetate,  were  able  to  retain  the  nitrogen  to  a  very  con- 
siderable extent.  In  Grafe's  experiment  the  animals  were  kept 
in  nitrogenous  equilibrium  with  ammonium  citrate. 

The  experiments  reported  here  fully  confirm  the  findings  of 
Grafe  and  Abderhalden,  and  also  show  that  starving  and  diabetic 
animals  may  retain  a  considerable  part  of  the  nitrogen  ingested 
(ammonium  carbonate). 

THE  DETERMINATION  OF  ACETONE  BODIES  IN  BLOOD  AND 

TISSUES  BY  MICRO  BfETHODS. 

By  W.  McKIM  MARRIOTT. 

{From  the  Laboratories  of  Biological  Chemistry  of  Washington  University 

Medical  School j  St.  Louis ^  Mo.) 

Determinations  of  acetone,  diacetic  acid,  and  jS-oxybutyric  acid 
are  made  on  from  2-5  cc.  of  blood  drawn  with  a  syringe  ^vecXXy 
from  the  veins  of  living  animals  or  patients.  Acetone,  preformed 
and  from  diacetic  acid,  is  distilled  off  and  determined  by  the 
degree  of  turbidity  it  occasions  in  an  alkaline  mercury  silver  cyanide 
solution.  Comparisons  of  turbidity  are  made  in  the  nephel- 
ometer  of  Richards. 

jS-Oxybutyric  acid  is  determined  by  oxidation  to  acetone  accord- 
ing to  the  Shaffer  method,  after  removal  of  blodd  proteins  and 
sugar.    The  acetone  found  is  determined  as  above. 

THE  COMPRESSION  OF  THE  LUNGS  BY  INERT  GASES. ' 

By  HUGH  McGUIGAN  and  F.  C,  BECHT. 

{From  the  Laboratory  of  Pharmacology  of  the  Northwestern  University 

Medical  School.) 

The  compression  of  the  lung  by  inert  gas  has  been  used  in  the 
past  in  the  treatment  of  tuberculosis,  with  reported  good  results. 
This  mode  of  treatment  appears  to  be  coming  into  vogue  again. 
Our  work,  carried  out  on  dogs,  was  undertaken  primarily  to  deter- 
mine the  influence  of  the  compression  on  the  nutrition  of  the 
lung  and  secondarily,  to  determine  the  rate  of  absorption  of  the 

^  Read  by  title. 
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gas  (N  and  H)  from  the  pleu 
result  has  been  found  on  the  soui 
rapidly  and  after  a  few  da>'s— 
tung  again  fully  inflated,  with 
tissue.  Repeated  injections  mi 
held  in  the  collapsed  conditioE 


Bt  WILLU 
(Watking 

Id  the  following  calculations,  1 
then  compared:  (1)  the  energ> 
through  increase  of  surface  t«i: 
contra^ile  units,  and  (2)  the 
weight  a  known  distance. 

Assume  that  in  1  eo.  of  mu 
million  rods  and  that  there  are 
of  very  nearly  5X  10"  rods  in  1 
of  a  rod  diminishes  from  4.8fi*  ■ 
traded,  gi^'ing  a  total  diminuti 
muscle  which  shcutens  by  0.24  ci 

Assume  the  surface  tension  oi 

from  that  of  pure  acetic  acid,  2 

saturated  sodium  chloride  aolut 

Since 

Surface  energy  liberated  =  dim 
(ergo}  ( 


the  energy  liberated  is,  at  mas' 
tainly  less. 

The  eneig>'  (ergs)  exp^ided 
through  the  distance  D  (cm.)  b 
(force)  equals  981  dj-nes.    Thei 
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o  e  AHA 

85,000  ergs  would  lift         '  =  361  grams,  a  weight  that  is  by- 

far  too  small. 

It  is   diflScult  to  understand  how  surface  tension   can  cause 
isometric  tetanus. 

ON  THE  INFLUENCE  OF  PREGNANCY  ON  THJE  CYCLIC  CHANGES 

IN  THE  UTERUS. 

By  LEO  LOEB. 

(Frwn  the  Department  of  Pathology ,  Barnard  Free  Skin  and  Cancer  Hospitaly 

St.  Louis.) 

In  previous  investigations  I  have  shown  that  cuts  made  into 
the  uterine  wall  or  foreign  bodies  introduced  into  the  lumen  of 
the  uterus  of  the  guinea  pig  about  four  to  eight  days  after  ovula- 
tion will  lead  to  the  formation  of  placentomata.     I  have  further- 
more shown  that  extirpation  of  the  corpora  lutea  at  an  early 
stage  after  ovulation  will  prevent  the  formation  of  the  placento- 
mata.    In  another  series  of  experiments  I  showed  that  extirpation 
of  the  corpora  lutea  within  the  first  week  after  ovulation  leads 
to  a  marked  decrease  in  the  length  of  the  period  of  the  sexual 
cycle  in  the  guinea  pig.    The  corpora  lutea  inhibit,  therefore,  the 
rupture  of  the  graafian  follicles.    In  our  new  investigations  we 
examined  the  changes  which  take  place  in  the  uterine  wall  of  the 
guinea  pig  during  the  different  stages  of  the  sexual  period.    There 
is  a  periodic  change  in  the  activity  and  in  the  morphology  of 
the  mucosa  which  corresponds  to  the  various  phases  of  the  sexual 
cycle.    At  the  time  of  ovulation,  changes  set  in  in  the  epithelial 
structures  of  the  uterus  and  they  are  soon  followed  by  changes 
in  the  connective  tissue  arid  blood  vessels.    With  each  new  ovula- 
tion a  new  cycle  of  these  changes  begins.    Now  I  found  that  if 
through  early  extirpation  of  the  corpora  lutea  a  new  ovulation  is 
accelerated  simultaneously  with  the  new  ovulation  a  new  cycle 
of  changes  sets  in  in  the  uterine  wall.    In  order  to  demonstrate 
this  fact  it  is  necessary  to  ligate  the  fallopian  tubes  within  the 
first  two  days  after  ovulation  in  order  to  prevent  pregnancy  from 
taking  place.    If  we  then  examine  about  sixteen  to  twenty  days 
after  the  first  ovulation  ovaries  and  uterine  wall,  we  find  new 
corpora  lutea  to  have  formed  in  the  former  and  the  cyclic  changes 

fBM  JOmiNAL  OF  BIOLOGICAL  CHVMI8TRT,   VOL.  X/V,   NO.   2. 
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to  have  set  in  in  the  uterine  v 
one  horn  of  the  uterua,  and  pe: 
other  hom,  we  find  upon  exani 
uterine  mucosa  sixteen  to  twen 
tion,  and  after  an  early  excision 
ovulation  in  the  ovaries  to  havi 
as  without  simultaneous  pregna 
setting  in  of  the  new  cycle  has 
ence  of  an  embryo  or  of  a  place 
We  see,  therefore,  that  althougl 
early  ovulation  after  previous 
prevents  the  setting  in  of  a  n 
Pregnancy  exerts,  therefore,  an 
changes  of  the  uterine  wall,  whil 
lation  taking  place  after  excisio 
this  inhibiting  effect  of  pregna 
sexual  cycle  is  accomplished  tl 
mechanism,  or  through  a  combii 
at  the  present  time,  although  it  8 
cal  factors  play  a  decisive  r61e 
further  conclusion  concerning  tl 
cycle,  to  which  I  would  like  to  C! 
calls  forth  directly  only  certain 
the  uterine  wall  in  the  guinea  pig 
in  the  connective  tissue  of  the  c 
cialty  the  first  changes,  affecting 
are  not  directly  dependent  on  tl 
This  latter  conclusion  is  based 
the  cyclic  changes  in  the  uterine 
corpus  luteum. 

ON  THE  HECHAITISM  OF  STL 

Bt  H.  S.  GASSER  ani 
(From  the  Laboralor;/  nf  Pharmaco 

We  have  demonstrated  that 
tered  in  certain  dosage,  causes 
believe  this  to  be  due  to  stimi 
We  believe  the  failure  of  other  ai 
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to  be  due  to  the  fact  that  too  much  of  the  gas  was  administered 
and  that  the  second  stage  of  the  action,  namely,  depression  was 
noted. 

We  find  that  the  medullary  centers  preserve  the  same  order  in 
regard  to  their  sensitiveness  to  hydrocyanic  acid  and  carbon 
monoxide  as  has  been  shown  for  anaemia;  that  is,  the  respiratory 
center  is  the  most  sensitive,  the  vasomotor  center  is  intermediate, 
and  the  cardio-inhibitory  center  is  the  least  sensitive.  We  find 
that  the  latent  period  of  the  response  of  the  respiratory  and  vaso- 
motor centers  to  decreased  oxidation,  as  brought  about  by  means 
of  the  administration  of  hydrocyanic  acid  and  carbon  monoxide, 
is  so  short  (on  the  average  the  respiratory  center  is  stimulated 
in  4  seconds  by  hydrocyanic  acid  and  in  6  seconds  by  carbon 
monoxide)  that  the  stimulation  cannot  be  due  to  abnormal  met- 
abolic products  accumulated  during  decreased  oxidation.  Our 
conclusions  may  be  stated  as  follows: 

1.  Oxygen  want  stimulates  the  cells  of  the  respiratory,  vaso- 
motor, and  cardio-inhibitory  centers  by  decreasing  oxidative  proc- 
esses within  the  cells  of  these  centers.       ^ 

2.  Decreased  oxidation  does  not  bring  abf  ut  stimulation  through 
accumulation  of  abnormal  metabolic  products. 

3.  We  believe  that  decreased  oxidation  per  se  results  in  stimu- 
lation. Under  conditions  of  decreased  oxidation,  it  seems  prob- 
able that  other  processes  not  directly  requiring  oxygen  are  in- 
creased, and  that  functional  activity  is  the  external  expression  of 
these  latter  processes. 

FEEDING  EXPERIMENTS  RELATING  TO  THE  NUTRITIVE  VALUE 

OF  THE  PROTEINS  OF  IfAIZE. 

By  THOMAS  B.  OSBORNE  and  LAFAYETTE  B.  MENDEL. 

(From  the  Laboratories  of  the  Connecticut  Agricultural  Experiment  Station 

and  the  Sheffield  Laboratory  of  Physiological  Chemistry ^ 

Yale  University  J  New  Havens  Connecticut.) 

According  to  the  data  now  available  more  than  one-half  of  the 
proteins  of  maize  consists  of  zein,  a  type  exhibiting  such  imique 
chemical  and  physical  characters  as  to  make  probable  that  its 
nutritive  properties  differ  from  those  of  other  proteins.  About 
one-third  of  the  proteins  consists  of  maize  glutelin,  insoluble  in 
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neutral  solvents,  extracted  from  the  seed  only  by  dilute  alkalies, 
and  yielding  all  the  amino-acids  characteristic  for  most  other  prch 
teins.  When  zein  forms  the  sole  protein  of  the  dietary,  rate 
speedily  decline  in  weight  despite  an  apparently  sufficient  food 
intake.  The  decline  is  not  due  to  digestive  failure;  for  the  food 
can  be  made  adequate  for  maintenance  over  a  considerable  period 
by  the  addition  to  the  food  of  tryptophane  (which  is  missiDg 
among  the  decomposition  products  of  zein).  When  half  of  the 
zein  is  replaced  by  another  protein,  such  as  casein,  lactalbumin* 
edestin,  or  maize  glutelin,  nutritive  decline  can  be  checKed.  The 
proportion  necessary  varies  with  the  dififerent  proteins.  In  con- 
trast with  zein,  which  lacks  tryptophane,  lysine,  and  ^ycocdl, 
gUadin,  which  is  deficient  in  the  last  two  only,  suffices  for  mainte- 
nance without  growth.  Maize  glutelin  is  adequate  for  nonnal 
growth.  Foods  containing  equal  parts  of  zein  and  maize  giutdin 
promote  nearly  normal  rate  of  growth;  this  applies  likewise  to 
the  natural  mixture  of  them  as  exhibited  in  so-called  com  gluten. 
This  material  affords  an  opportunity  to  study  the  nutritive  value 
of  the  two  maize  proteins  before  they  have  been  subjected  to  any 
chemical  manipulationa»  Animals  kept  on  foods  containing  addi- 
tions of  both  tryptophane  and  lysine  to  zein  have  been  maintained 
over  long  periods  of  time.  These  observations  all  emphasize  the 
extreme  importance  of  tryptophane  in  successful  dietaries.  It 
also  appears  probable  that  the  deficiency  observed  in  the  practical 
feeding  of  com  meal  is  explained  in  good  part  by  the  unique 
chemical  constitution  of  zein  which  forms  so  large  a  part  of  its 
nitrogenous  components. 

INTESTINAL  OBSTRUCTION.    STUDY  OF  A  TOXIC  SUBSTANCE 
PRESENT  IN  THE  INTESTINAL  MUCOSA. 

Bt  G.  H.  WHIPPLE. 

(From  the  Pathological  Laboratory,  Johns  Hopkins  Medical  School.) 

Dogs  with  closed  washed  duodenal  loops  (ligatures  just  below 
pancreatic  duct  and  just  beyond  duodeno-jejunal  junction,  with 
gastro-enterostomy)  die  in  about  two  days  with  low  blood  pres- 
sure and  temperature,  vomiting  and  diarrhoea,  the  symptoms  of 
shock  seen  in  high  obstruction  and  volvulus.  The  mucosa  of 
these  closed  loops  may  be  intact  and  normal  except  for  congestion, 
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yet  a  toxic  substance  can  be  isolated  from  it.  Normal  mucosa 
gives  no  such  substance.  This  toxic  substance  is  active  when 
given  intravenously,  intraperitoneally  and  subcutaneously,  but  is 
not  absorbed  from  the  normal  intestine.  It  causes  a  profound 
fall  in  blood  pressure  and  temperature,  profuse  vomiting  and 
diarrhoea  and  collapse.  Death  follows  in  two  to  twenty  hours 
with  the  general  picture  of  fatal  anaphylaxis.  Autopsy  shows  a 
remarkable  splanchnic  congestion  most  marked  in  the  intestinal 
aiUGOsa  which  may  be  deep  purple  in  color.  Destruction  of  the 
mucosa  by  sodium  fluoride  is  followed  by  death  from  peritonitis, 
but  the  distended  loop  contains  no  toxic  substance,  indicating  that 
the  mucosa  is  essential  to  the  elaboration  of  this  substance.  Dogs 
injected  with  sublethal  doses  of  this  toxin  are  resistant  to  later 
injections  and  if  a  closed  loop  is  produced  in  such  an  animal  it 
may  live  six  days  instead  of  two  to  three  days. 

THE  INFLUENCE  OF  THE  PLANE  OF  PROTEIN  INTAKE  ON 
NITROGEN  RETENTION  IN  THE  PIG. 

By  E.  V.  McCOLLUM. 

{From  the  Laboratory  of  Agricultural  Chemistry  of  the  University  of 

Wisconsin.) 

E^xperiments  have  been  carried  out  in  the  following  manner  in 
order  to  compare  the  values  of  the  nitrogen  of  the  wheat  and 
maize  kernels,  and  of  rolled  oats  for  growth  in  the  pig.  The 
animals,  weighing  from  45-50  pounds,  were  placed  in  metabolism 
cages  and  fed  starch  during  ten  days,  and  the  creatinine  nitrogen 
output  determined  daily.  The  average  amount  was  assumed  to 
represent  18.5  per  cent  of  the  nitrogen  from  endogenous  metabo- 
lian.*  The  animals  were  then  fed  on  individual  grains,  or  with 
the  grains  plus  a  commercial,  protein-rich  by-product,  so  that  the 
ration  was  derived  in  all  cases  from  a  single  grain  source.  The 
nitrogen  intake  was  adjusted  at  levels  of  5,  7.5,  10,  15  and  20 
times  the  endogenous  requirement,  in  various  experiments.  These 
levels  correspond  approximately  to  9.5,  13,  18,  28  and  37  per  cent 
of  protein^ in  the  ration.  Feeding  was  continued  about  sixty 
days,  and  was  followed  by  a  ten-day  period  on  starch.     In  all 

*McCollum:  Amer,  Journ.  of  Physiol, ^  xxix,  p.  210,  1911. 
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cases  the  enei^  value  of  the  rat 
of  pig  per  day. 

The  retectioQ  of  nitrogen  at  a 
dc^eaous  level,  was  in  close  f^i 
derived  from  wheat,  oats  or  i 
about  10  per  cent  of  the  ingest 
times,  the  retention  varied  from 
meats,  due  doubtless  to  the  inft 
levels  of  10,  15  and  20  times 
retention  was  21-24  per  cent-  c 
therefore  independent  of  the  soi 

In  one  experiment  still  in  pi 
weight  consumed  57.4  grams  of 
mixture  of  wheat  embryo  and 
days.  It  is  apparent  that  he  ) 
the  ingested  nitrogen. 

Further  work  is  in  progress  a 
enous  requirement,  and  at  high 

ENZYME 

By  H.  C. 

(From  the  LaboTatory  of  Physioi 

This  work  is  an  extension 
A  wide  survey  of  tissues  both  v 
show  any  correlation  between 
its  fatty  metabolism  as  expres: 
In  the  same  way  there  seems 
diastase  of  tissues  and  their  gl; 
tional  abundance:  certain  invi 
were  found  to  exhibit  but  a  t 
plants  a  certain  amount  of  evii 
hypothesis  that  diastase  and  lip 
and  esters.  It  seems  probabli 
starch  in  seeds  and  tubers  is  th 
that  in  some  seeds  and  fruits  1 
is  accomplished  through  the 
could  be  found  of  a  lactose-spl 
mary  glands  from  a  number 
lactase  is  not  involved  in  the  s} 
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FURTHER  OBSERVATIONS  ON  THE  INFLUENCE  OF  CAFFEINE  ON 

CREATINE  AND  CREATININE  METABOLISM.' 

By  W.  SALANT  and  J.  B.  RIEGER. 

(^From  the  Laboratory  of  Pharmacology y  Bureau  of  Chemistry,  U,  S. 
Department  of  Agriculturey  Washington,  D.  C.) 

The  excretion  of  creatinine  and  creatine  was  studied  in  well 
fed  and  in  fasting  animals.  In  rabbits  which  were  fed  oats,  a 
moderate  increase  of  creatine  was  observed  after  the  subcutaneous 
administration  of  doses  of  100  and  150  mgs.  per  kilo.  When 
food  was  withdrawn  the  amount  of  creatine  was  increased  enor- 
mously in  some  rabbits.  Creatinine  was  only  slightly  increased 
in  the  same  subjects.  The  subcutaneous  injection  of  50  mgs.  per 
kilo  also  increased  the  output  of  creatine  in  fasting  rabbits  as 
well  as  in  animals  which  received  oats.  In  some  experiments, 
however,  neither  creatine  nor  creatinine  was  affected  by  the 
administration  of  caffeine  even  when  food  was  withheld.  Experi- 
ments on  dogs  with  doses  of  50-200  mgs.  per  kilo  were  negative. 
Creatine  and  creatinine  metabolism  was  not  affected  in  well  fed 
or  in  fasting  dogs  by  caffeuie  whether  given  by  mouth  or  subcu- 
taneously. 

A  NEW  METHOD  OF  DETERMINING  VALENCE  FROM  THE 

MOLECULAR  COHESION. 

By  ALBERT  P.  MATHEWS. 
{From  the  Laboratory  of  Physiology,  University  of  Chicago.) 

A  new  method  was  found  of  computing  "a"  of  van  der  Waals' 
equation  from  the  law  of  Eotvos  and  the  formula  of  Thomas 
Yoimg.  The  values  thus  obtained  are  in  general  similar  to  those 
obtained  by  the  ordinary  methods,  but  for  simple  substances  are 
in  general  higher.  If  "a"  be  expressed  as  N^M^K,  N  being  the 
number  of  molecules  in  the  volume,  F,  then  if  the  expression  of 

:=j ,  representing  molecular  cohesion  in  van  der  Waals'  equation, 

be  divided  in  both  the  numerator  and  denominator  by  N^y  we 

have  — r— ,  the  molecular  cohesive  pressure,  since  v  is  the  space 

Vr 
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at  the  disposal  of  a  single  molecule.  The  factor  M  I  have  caOed 
the  mass  of  molecular  cohesion.  It  was  found  by  trial  that  the 
factor  M^K  was  a  function  of  the  molecular  weight  and  the  num- 
ber of  valences  in  the  molecule;  or  APK  =  C  (MoL  Wt.  X  Val.)^', 
where  C  is  a  constant  equal  to  2.98  X  10-*^  if  "a"  is  expressed 
in  absolute  units.  This  gives  a  means  of  computing  val^ice  when 
the  critical  data  are  known.  By  this  method  it  was  shown  thai 
most  substances  had  the  number  of  valences  ordinarily  ascribed 
to  them,  but  that,  chlorine  was  always  trivalent,  argon  wasmono- 
valenty  nitrogen,  as  a  gas,  was  monovalent  and  oxygen,  as  an 
element  was  monovalent,  each  molecule  having  two  valences.  By 
this  method  acetylene  is  shown  to  have  ten  valences;  it  is  not, 
therefore,  acetylidene.  The  trivalency  of  chlorine  is  indicated  also 
by  the  optical  method  of  determining  valence  and  by  the  diamag- 
netic  method.  Various  changes  in  graphic  formulae  will  be  neces^ 
sitated  by  the  changes  of  valence  indicated  by  this  method.  The 
probable  theoretical  significance  of  this  relationship  of  valence  to 
cohesion  is  that  cohesion  is  allied  to  magnetism  and  that  the  two 
kinds  of  electrons  in  a  molecule,  atomic  and  valence,  differ  in 
their  freedom  so  that  they  can  not  be  siunmed. 

THE  ENTRANCE  OF  IODINE  INTO  DISEASED  TISSUES. 

By  H.  GIDEON  WELLS  and  O.  F.  HEDENBURG. 

{From  the  Otho  S.  A  Spra^ue  Memorial  IruiiitUe  and  the  University  of 

Chicago,) 

A  systematic  consideration  of  the  chemotherapy  of  tuberculoas 
rests  upon  an  investigation  of  the  permeability  of  both  the  tubercle 
bacillus  and  the  tuberculous  lesion  for  chemical  substances  d 
diffei'ent  characters.  It  is  shown  that  compounds  of  iodine  in- 
jected into  tuberculous  animals  enter  glandular  tubercles  with 
readiness,  so  that  the  proportion  of  iodine  in  such  tubercles  is 
usually  greater  than  it  is  in  most  other  tissues  except  the  kidney; 
furthermore  it  is  greater  in  the  caseous  contents  than  in  the  cellu- 
lar peripheries  of  the  tubercles.  Tuberculous  eyes  also  contain 
much  more  iodine  than  the  normal  mates.  This  property  i^ 
shown  not  to  depend  upon  any  specific  character  of  the  tubercle 
itself,  for  other  necrotic  tissues  also  contain  more  iodine  than 
normal  tissues.    The  explanation  offered  is  that  normal  cells  are 
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• 
not  i>erfectly  permeable  to  iodides  (except  perhaps  kidney  cells) 

and  lose  this  impermeability  or  semipermeability  when  killed  or 
injured,  thus  becoming  entirely  permeable  for  crystalloids  present 
in  the  surroimding  fluids.  As  the  iodine  content  of  the  blood 
increase  and  decreases  with  absorption  and  elimination,  so  varies 
the  iodine  in  the  necrotic  area,  whether  tuberculous  or  otherwise, 
indicating  an  absence  of  any  chemical  or  physical  binding  of  the 
iodine  in  such  areas.  A  simple  inert  colloid,  agar,  implanted  in 
the  tissues,  behaves  in  quite  the  same  way. 

Egg  albumen  injected  into  tuberculous  pigs  is  found,  by  means 
of  the  anaphylaxis  reaction,  to  penetrate  the  avascular  tubercles 
but  little  if  at  all,  even  when  present  in  the  blood  in  large  amounts. 
This  fits  with  the  hjrpothesis  that  the  passage  of  iodine  from  the 
blood  into  the  tubercles  is  a  purely  physical  matter,  the  crystal- 
loidal  iodine  compounds  diffusing  through  the  inert  colloidal  solu- 
tion of  a  necrotic  area  practically  unimpeded,  while  the  colloidal 
egg  albumen,  according  to  the  law  of  colloidal  diffusion,  is  prac- 
tically unable  to  diffuse  through  such  a  colloidal  solution. 

No  evidence  could  be  found  of  any  tendency  for  iodine  com- 
pounds of  whatever  nature  to  accumulate  in  tubercles  or  other 
necrotic  areas,  or  to  persist  in  such  areas  when  disappearing  from 
the  normal  tissues  and  the  blood. 

Exudates  contain  approximately  the  same  proportion  of  iodine 
as  the  blood  of  the  same  animals,  and  hence  any  area  with  inflam- 
matory edema  and  congestion  will  commonly  show  more  iodine 
than  normal  tissues,  although  not  usually  more  than  the  blood. 
No  evidence  was  found  of  any  specific  entrance  or  fixation  of 
iodine  in  inflammatory  exudates.  The  iodine  is  distributed  about 
alike  in  the  fluid  and  solid  portions  of  the  exudate,  indicating 
simple  diffusion.  Of  normal  tissues  only  the  kidney  seems  to 
contain  approximately  as  much  iodine  as  the  blood  of  the  same 
animal.  This  may  have  some  bearing  upon  its  excretory  function, 
since  it  indicates  a  greater  permeability  of  renal  cells  than  of 
other  gland  cells  for  iodides. 
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SARCOLACTIC  ACID  AND  THE  THEORY  OF  DIABETES. 

By  R.  T.  WOODYATT. 

{From  the  Clinical  Laboratory  of  the  Sprague  Memorial  Institute^  RuA 

Medical  College ,  Chicago.) 

Theory  proposed :  "  The  function  of  the  internal  secretion  of  the 
pancreas  is  to  dissociate  glucose  and  perhaps  other  hexoses.  Its 
action  resembles  that  of  alkali  on  sugars  in  general.  It  depends 
upon  the  presence  in  the  internal  secretion  of  an  organic  base, 
which  forms  a  glucosate  whose  dissociation  is  high.  Dissociation 
of  sugar  in  the  body  is  essential  for  its  oxidation,  reduction,  poly- 
merization, cleavage  and  for  its  participation  in  a  great  orgaaie 
equilibrium  which  includes  glycogen,  glucose,  split-products  of 
glucose  (e.g. J  trioses  and  lactic  acid),  other  hexoses,  certain  anuno 
and  fatty  acids  (e.gf.,  alanine,  propionic  acid),  protein  and  fat 
All  anomalies  in  pancreas  diabetes  are  explainable  by  lessened 
glucose  dissociation  with  the  changes  in  oxidation  and  polymeri- 
zation and  the  disturbed  organic  equilibrium  which  this  implies." 

Lactic  acid  coming  from  glucose  is,  per  se,  evidence  of  dissocia- 
tion of  glucose  in  the  body.  The  weights  of  lactic  acid  (as  one 
lactate)  found  in  muscles  so  treated  as  to  insure  maximum  sur- 
vival formation  ran  as  follows: 

Oruat. 

Normal  dogs  (average  of  4  determinations) 0.542 

Phlorhizinized  dog  (D  :  N.«=3.65  :  1;  muscle-glycogen,  0).  ..0.127 
Phlorhizinized  dog  (D  :  N.«=2.8  : 1;  muscle-glycogen,  trace)  .0.227 
Phlorhizinized  dog (D  :  N.—2.9  :1;  muscle-glycogen,  0.22).. 0.296* 
Diabetes  mellitus 0.077 

*  Intravenous  glucose  Injection  ante  mortem  to  produce  liyi>eiiBlycaemla  eomparable  to  dkr 
betes  mellitus. 

THE  PRESENCE  OF  AN  ACID  PRODUCING  ENZYME  IN  BACT* 

LACTIS  ACIDIC 

By  E.  G.  HASTINGS  and  E.  B.  HART. 

(From  the  Departments  of  Agricultural  Chemistry  and  AgricuUnnd 

Bacteriology f  University  of  Wisconsin.) 

The  work  of  Buchner,  Herzog,  and  others  has  shown  the  pres- 
ence of  an  enzyme  in  certain  lactic  acid-producing  bacteria  that 
are  essentially  different  from  the  organisms  pr^ominating  '^ 

'Read  by  title. 
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cheese.  This  intracellular  enzyme,  which  can  be  demonstrated 
only  after  the  disintegration  of  the  cell,  forms  small  quantities  of 
lactic  acid  from  sugar.  So  far  as  is  known  to  us,  a  similar  enzjrme 
has  never  been  demonstrated  in  organisms  of  the  Bad.  lactis  acidi 
group.  The  growth  of  these  organisms  on  all  media  is  so  meager 
that  it  is  very  diflScult  to  obtain  a  sufficient  amount  for  treatment 
by  the  methods  employed  by  Buchner.  An  acid-producing  enzyme 
in  the  lactic  acid  bacteria  has,  however,  been  demonstrated  by 
quite  different  methods. 

It  had  been  noted  that  when  a  sample  of  raw  or  sterilized  milk 
in  which  varying  numbers  of  lactic  bacteria  had  been  allowed  to 
develop,  and  to  which  a  preservative,  as  chloroform  or  toluol,  had 
been  added,  the  cells  soon  disappeared  or  at  least  could  no  longer 
be  detected  by  microscopical  examination.  A  sample  of  fresh  raw 
milk  and  one  of  the  same  milk  heated  to  97°C.  for  a  short  time 
were  inoculated  with  a  pure  culture  of  BacL  lactis  acidi.  At 
varying  periods  in  the  development  of  acid,  samples  were  removed 
from  each  and  preserved  with  3  per  cent  of  toluol.  In  those 
treated  soon  after  inoculation,  a  small  number  of  bacteria  were 
present  while  in  those  to  which  the  preservative  was  added  at  a 
later  stage  in  the  development  of  acid,  a  much  greater  bacterial 
growth  was  present.  If  any  enzymic  action  occurred,  the  samples 
should  have  shown  a  difference  in  the  amount  of  acid  formed 
corresponding  to  the  amount  of  bacterial  cells  present. 

The  results  seem  to  leave  no  doubt  concerning  the  presence  of 
an  acid-forming  enzyme  in  the  organisms  of  the  Bad.  kuMs  acidi 
group  that  acts  on  the  milk  sugar.  It  might  be  thought  that  the 
increase  in  acidity  was  due  to  the  production  of  amino-acids  by 
a  proteolytic  enzyme.  In  this  case  the  soluble  nitrogen  must  be 
increased.  That  this  does  not  occur  has  been  shown  by  numerous 
investigations.  The  increase  in  acid,  however,  cannot  be  asserted 
to  be  due  to  the  formation  of  lactic  acid  since,  of  course,  no  quali- 
tative test  could  be  made  in  the  presence  of  the  lactic  acid  in  the 
milk  at  the  beginning  of  the  experiment. 


Bt  E.  V.  McCOLLUM  and 


Young  rats  do  not  grow  when 
the  wheat  kernel  plus  wheat  glut* 
18  per  cent,  when  distilled  w&te: 
with  salts  added  to  make  the  total 
closely  similar  to  that  of  milk 
growth  in  rats  during  seventy  da^ 

Rats  grow  normally  during  sevei 
a  ration  consisting  of  pure  casein, 
and  salt  mixtures  givii^  an  inotf 
either  milk  or  egg  yolk,  and  oa  cerl 
the  proportions  found  in  milk  and 
ration,  fed  with  a  salt  mixture  | 
content  closely  similar  to  that  of  tl 
plete  suspension  of  growth.  The  i 
traction  of  magnesium  induces  g 
true  also  of  rations  derived  from  w 

We  have  much  experimental  evi 
tant  relation  ejoeta  between  the  pr< 
in  the  diet,  to  its  protein  conte 
secured  during  seventy  days  on  i 
dextrin,  agar-agar  and  a  salt  mixt 
similar  in  composition  and  quani 
With  the  mineral  content  hke  th 
same  proportion  as  found  in  dry  e 
protein  content,  considerable  gro 
noteworthy  that  both  highly  acid 
tures  lead  to  good  results  if  the  c 

COKNECTIVE  TISSC 
Bt  H.  C.  B] 

(From  the  Laboratory  of  Physiology 

Attached  to  the  gill  Saps  of  limu 
sue.     Physically  and  histologically 
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ically  it  is  a  typical  sclero-protein,  insoluble  in  water  and  the 
ordinary  solvents,  digesting  readily  in  a  tryptic  mixture  but  insol- 
uble in  pepsin-HCl.  It  contains  14.4  per  cent  N;  1.6  per  cent 
Njt±»-N;  3.1  per  cent  tyrosine.  On  hydrolysis  with  strong  HCl 
it  yields  considerable  sulphate,  and  a  small  amoimt  of  a  reducing 
sul>stance.  All  of  the  ordinary  protein  reactions  are  positive.  It 
does  not  yield  sufficient  gelatin  to  give  a  positive  test  for  that 
substance. 

Across  the  ventral  portion  of  limulus,  within  the  carapace, 
extends  a  white  fibrous  mass  of  connective  tissue  connecting  a 
large  number  of  muscles.  Its  general  resemblance  in  appearance 
and  function  to  mammalian  tendon  is  further  borne  out  by  its 
histological  appearance.  Chemically  it  also  is  a  sclero-protein, 
free  from  collagen  and  somewhat  diflferent  from  the  cartilage. 
It  contains  16.0  per  cent  N;  no  ammonia  N;  2.4  per  cent  tyrosine; 
no  oxidized  sulphur,  and  a  trace  of  a  reducing  substance.  It 
digests  rapidly  in  pepsin-HCl j  and  very  slowly  in  a  tryptic 
mixture. 

A    NEW   METHOD    FOR   DETECTION    OF    SMALL    AMOUNTS    OF 

CARBON  DIOXIDE. 

Bt  SHERO  TASHIRO. 

(From  the  Laboratory  of  Physiology,  University  of  Chicago.) 

Making  use  of  the  principle  which  Dr.  McCoy  and  I  discovered, 
I  have  construct^  two  new  pieces  of  apparatus  which  not  only 
detect  COs  in  amoimts  as  small  as  0.0000001  gram,  but  also  esti- 
mate it  with  quantitative  accuracy.  The  first  apparatus  consists 
of  two  chambers,  the  upper  one  being  used  for  the  qualitative 
detection  of  the  gas,  the  lower  for  the  quantitative  estimation.  The 
second  apparatus  is  used  for  the  combined  purposes  of  qualitative, 
quantitative  and  comparative  estimation  of  CO2  productions  from 
various  biological  specimens.  Unlike  any  other  method  for  analy- 
sis of  a  gas  in  small  quantity,  the  new  method  requires  no  correc- 
tion nor  precaution  against  the  effects  of  temperature  and  pres- 
sure variations. 
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A  STUDY  OF  THE  CHEMICAL  CHANGES  OCCURRING  IN 
MEATS  DURING  THE  PROCESS  OF  DRYING  BY  THE 

VACUUM  METHOD.* 

By  L.  H.  DAVIS  and  A.  D.  EMMETT. 
{From  the  Department  of  Animcd  Husbandry y  University  oj  lUinois,) 

The  average  percentage  values  for  the  anal3rsis  of  five  samples 
of  fresh  meat  and  of  the  corresponding  samples  of  desiccated  meat, 
prepared  by  Shackell's  modification  of  the  Benedict-Mamun^ 
method  were,  respectively:  26.46  and  98.21  for  dry  substance  by 
the  vacuiun  method  over  sulphuric  acid;  26.38  and  96.55  for  diy 
substance  by  heating  in  an  air  oven  at  102**  C ;  2.77  and  10.14  for  bt 
on  the.  vacuum-dried  samples;  3.21  and  9.70  for  fat  on  the  ovea- 
dried  samples;  3.464  and  13.124  for  total  nitrogen;  0.795  and 
2.769  for  total  water  soluble  nitrogen;  0.420  and  1.182  for  heai 
coagulable  nitrogen;  0.021  and  0.107  for  proteose  nitrogen;  0.122 
and  0.667  for  creatine  nitrogen;  6.176  and  19.711  for  total  soluble 
solid  and  0.78  and  3.14  for  total  soluble  ash. 

On  the  dry  basis  (vacuum  method),  the  average  percentage 
composition  of  the  fresh  and  desiccated  meats  was  respectivdy: 
10.22  and  10.31  for  fat;  13.138  and  13.368  for  total  nitrogen; 
3.011  and  2.835  for  total  soluble  nitrogen;  1.591  and  1.204  for 
heat  coagulable  nitrogen;  0.080  and  0.109  for  proteose  nitrogen; 
21.94  and  19.96  for  total  soluble  solids  and  2.90  and  3.18  for 
total  soluble  ash. 

The  forms  of  nitrogen  expressed  in  per  cent  of  the  total  gave 
for  the  fresh  and  desiccated  meats  the  following  respective  per- 
centage values:  the  total  soluble,  22.95  and  21.17;  the  heat  coagu- 
lable, 12.13  and  8.98;  and  the  proteose,  0.62.  and  0.82. 

Calciilating  the  data  for  the  fresh  and  desiccated  meats  to  the 
dry  basis  using  the  two  values  for  dry  substance,  the  vacuum 
and  the  oven-heated — the  results  agree  quite  closely  for  the  van- 
ous  constituents,  the  greatest  diflferences  being  in  the  fat  as  was 
to  be  expected. 


•Read  by  title. 
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MUSCLE  CREATINE:  DIALYSIS  OF  CREATINE  FROM  DOG  MnSCLE.>o 

(Pbbliminart  Report.) 

By  H.  T.  LEO  and  PAUL  E.  HOWE. 
{Front  the  Laboratory  of  Physiological  Chemistry,  University  of  Illinois,) 

A  study  was  made  of  the  dialysis  of  creatine  from  muscle  under 
conditions  which  woiild  tend  to  throw  light  upon  the  form  in  which 
this  substance  is  held  in  the  tissues.    The  experiments  of  Urano 
were  repeated,  using  dog-muscle  (a)  in  the  form  of  bundles,  (b) 
ground  and  placed  loosely  or  packed  tightly  in  collodion  bags. 
Dialysis  was  conmienced  immediately  after  the  removal  of  the 
muscle  from  the  animal  or  after  it  had  remained  for  24  hours  on 
ice.     Each  preparation  was  dialyzed  for  2,  2,  2,  12,  and  24  hours 
against  200  cc.  portions  of  Ringer's  solution,  distilled  water,  0.9 
per  cent  NaCl,  1.8  per  cent  NaCl,  5  per  cent  NaCl,  Ringer's  solu- 
tion +  HCl  (to  make  0.13  per  cent),  0.9  per  cent  NaCl  +  HCl, 
0.13  per  cent  HCl,  and  70  per  cent  alcohol. 

The  data  indicate  that  creatine  dialyzed  most  readily  from  those 
prep>arations  which  were  in  the  loosely-packed,  finely-divided  form 
and  least,  from  the  more  solid  preparations,  as  the  muscle  bundles 
and  the  firmly-packed  ground  muscle.    Dialysis  experiments  con- 
ducted with  those  substances  which  shoiild  tend  to  increase  the 
rate  of  dialysis  gave  variable  results.    The  action  of  HCl  upon 
ground  muscle  was  to  cause  a  slower  rate  of  diffusion,  but  when 
added  to  the  0.9  per  cent  NaCl  solution  an  increased  rate  of 
dialysis  occurred.    The  action  of  the  acid  upon  muscle  bundles 
caused  an  increase  in  the  rate  of  diffusion.    Alcohol  appears  to 
increase  the  rate  of  dialysis  from  muscle  bundles  but  the  effect 
is  not  equal  to  that  obtained  with  the  HCl  nor  with  the  ground 
muscle  in  salt  solution.    Approximately  the  same  results  were 
obtained  with  the  Ringer's  solution  as  with  the  0.9  per  cent  NaCl 
solution.    The  hypertonic  salt  solutions  gave  a  more  gradual  rate 
of  dialysis,  although  the  iiltimate  effect  was  the  same.    When 
the  results  from  the  various  experiments  are  plotted,  the  form 
of  the  curve  is  the  same  (hyperbolic). 

The  results  indicate  that  simple  diffasion  experiments  do  not 
appear  to  offer  any  definite  evidence  as  to  the  manner  in  which 
creatine  is  held  in  muscle. 

"Read  by  title. 
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STUDIES  ON  SULPHUR  METABOLISM.    I.  THE  URINART  SUI.PHUX 

PARTITION  IN  VARIOUS  DISEASES." 

BY  N.  STADTMULLER,  M.  KAHN  and  J.  ROSENBLOOM. 

(From  the  Oerman  Hospital^  New  York^  and  the  Laboratory  of  Bioehefntttay 
of  the  University  of  Pitisburghj  Pittihurgh,  Pa.) 

We  have  studied  the  urinary  sulphur  partition  (total  sulphur, 
sulphate-eulphiu*,  ethereal  sulphate-sulphur,  inorganic  sulphate- 
sulphur  and  neutral  sulphur)  in  the  following  diseases: 


Diabetes  mellitus,  10  cases;  carcinoma,  13  cases;  nephritis,  2  c£: 
pneumonia,  2  cases;  lead  poisoning,  2  cases;  bronchial  asthma,  1  le; 
chronic  appendicitis,  2  cases;  hepatic  abscess,  1  case;  hepatitis,  2  ciidn; 
cholelithiasis,  with  biliary  fistula,  1  case;  tjrphoid  fever,  1  case;  chrc'ik 
myocarditis,  1  case;  hypopituitarism,  1  case;  gastroptosis  and  ga^jic 
dilatation,  1  case. 

The  urine  has  been  analyzed  daily  for  periods  varying  'XMn 
three  days  to  two  weeks,  and  we  have  found  high  proporti  j  of 
neutral  sulphur  in  all  the  cases  of  diabetes  (except  one)  The 
neutral  sulphur  was  also  high  in  all  the  cases  of  carciaoma,  in 
one  case  of  nephritis  and  pneumonia  and  in  the  one  case  jf  hjrpo- 
pituitarism. 

THE  METABOLIC  END-PRODUCTS  OF  THE  LIPOID  NITROGEN  OF 

EGG  YOLK." 

By  E.  V.  McCOLLUM  and  H.  STEENBOCK. 

(From  the  Laboratory  of  AgrictUtural  Chemistry  of  the  University  of 

Wisconsin.)  -^ 

A  pig  of  49  pounds  was  fed  during  seven  days  on  a  ration  of 
220  grams  of  dry  egg  yolk  and  86  grams  of  starch  per  day.  The 
nitrogen  intake  was  11.65  grams  per  day.  Of  this  0.65  gram  was 
lipoid  nitrogen.  The  total  N  of  the  mines  varied  f  jom  5.029-6.098 
grams.  From  30  to  40  per  cent  of  the  total  nitn  a  could  be  re- 
moved by  the  Folin  method  for  ammonia.  Ur*  determinations 
by  the  Benedict  and  by  the  Henriques  and  Gq.,  ^L^ft  methods 
gave  fairly  close  agreement,  and  indicated  that  'only  36-45  per 
cent  of  the  total  nitrogen  was  present  .'is  urea. 

,  "Read  by  title. 
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Of  the  nitrogen  removed  by  aspiration,  5.2-16.7  per  cent  could 
not  be  absorbed  by  mercury  oxide  according  to  Erdmann's  method. 
By  this  method  the  urines  were  found  to  contain  on  an  average 
0.2989  gram  of  nitrogen  as  substituted  amines.  It  is  evident  that 
demethylation  of  substituted  amines  is  not  readily  accomplished 
in  the  body  of  the  pig. 

THE  OCCURRBNCE  OF  URIC  ACID  IN  BLOOD." 
By  otto  FOLIN  and  W.  DENIS. 

A  NEW  BfETHOD  FOR  DRYING  TISSUES  AND  FLUIDS." 

By  JACOB  ROSENBLOOM. 

METABOLISM  OF  A  DWARF.'' 
By  graham  LUSK. 

THE  FATE  OF  FATTY  ACIDS  IN  DIABETIC  ORGANISMS." 

By  a.  I.  RINGER. 

ON  THE  SECRETION  OF  PURE  ACID  BY  THE  KIDNEY. 
By  a.  B.  MACALLUM  and  W.  R.  CAMPBELL. 

HYPERTROPHY  AND  HYPERPLASIA  OF  THE  PARATHYROID  IN 

BIRDS. 

By  D.  MARINE. 

QUANTITATIVE  OXIDASE  MEASUREMENTS. '^ 
.  By  H.  H.  BUNZEL. 

THE  REGULATING  FUNCTION  OF  AMYLASE  BY  THE  FUNGUS 

GLOMERELLA.i' 

By  HOWARD  S.  REED. 

SYMPOSIUM. 

SOBfE  REr  '^.NT  APPLICATIONS  OF  PHYSICAL  CHEMISTRY  IN 

BIOLOGY. 

A.  E  ^^\M     LLUM. — Surface  tension. 

L.  J.  rfE        2RS0N. — ^The  control  of  neutrality  in  the  animal  body. 

A.  S.  LOviiiNHART. — ^The  physical  chemistry  of  enzyme  action. 


"  Published  in  full  in  Joui  al  of  Biological  Chemistry ^  xiv,  February,  1913. 
"  Published  in  f  ^  11  in  Jow  il  of  Biological  Chemistry^  xiii,  January,  1913. 
"  Read  by  title. 


TANNIC  ACID  FERMENTATION-  I. 

By  lewis  KNUDSON. 
(From  the  Laboratory  of  Plant  Physiology j  Cornell  University j  Ithaca,  N.  K.) 

(Received  for  publication,  January  30,  1913.) 

I.   PREFACE. 

During  1907-1908,  a  preliminary  investigation  of  the  conditions 

f  tannic  fermentation  was  made  by  the  writer  with  the  purpose 

f  improving  the  practical  methods  involved.    In  the  course  of 

his  preliminary  investigation  a  nmnber  of  interesting  observa- 

•ons  were  made,  justifying  a  further  study  of  the  conditions  of 

ae  fermentation  and  of  the  relation  of  vari(fus  organisms  to  the 

rocess.    With  the  progress  of  the  investigation  other  phases 

iggested  themselves,  until  ultimately  four  distinct  but  correlated 

arts  of  the  subject  were  experimentally  studied.    Part  I,  here 

sported,  includes  chiefly:  (1)  the  toxicity  of  tannic  acid  for  vari- 

18  fungi;  (2)  a  comparison  of  the  organism  AspergiUvs  rriger  and 

eniciUium  ap.  in  the  fermentation  of  tannic  acid;  (3)  the  condi- 

ons  and  influence  of  various  factors  on  the  fermentation  process. 

.ut  II  is  concerned  primarily  with  the  influence  of  nutrition  on 

e  production  of  the  enzyme  tannase,  and  will  be  reported  in  a 

bsequent  paper. 

These  investigations  were  begun  at  the  suggestion  of  Prof. 
B.  M.  Duggar  and  prosecuted  in  his  laboratory.  It  is  a  pleasure 
here  to  express  my  thanks  for  the  advice,  kindly  criticism  and 
assistance,  which  he  has  so  generously  given. 

II.   INTRODUCTION. 

Chemical  nature  of  tannic  acid.  Wagner^  has  grouped  the 
tannins  into  a  "physiological"  and  a  "pathological"  series,  the 
latter  including,  as  most  important,  the  tannin  of  oak  galls  as 

^  R.  Wagner:  Beitr^ge  zur  Kenntnis  und  zur  quantitativen  Bestimmung 
der  Gerbsauren,  Zeitschr.f.  anal.  Chem.,  v,  pp.  1-10,  1866. 
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well  as  the  tannin  of  sumach  and  chestnut.  The  patholo^eal 
tannins  are  hydrolyzed  by  boiling  with  acids  or  through  the  action 
of  the  enzyme  tannase,  gallic  acid  resulting.  For  other  distin- 
guishing characteristics  of  the  tannins  Trimble's*  and  Proctor'^ 
treatises  may  be  consulted,  and  for  a  discussion  of  the  diYcree 
views  held  r^arding  their  chemistry  reference  should  be  niadc  to 
special  papers  on  the  subject. 

This  paper  is  concerned  with  the  fermentation  of  the  taniun 
from  oak  galls,  which  is  frequently  termed  gailotannic  acid. 

History  of  tannic  acid  fermentation,  Scheele*  found  in  1786  that  gallk 
acid  was  present  in  the  gall  nuts.  Robiquet*  attributed  the  fermentatios 
of  the  gall  nuts  to  a  ferment  within  the  gall  nut.  Laroque*  considered  the 
formation  of  gallic  acid  from  tannic  acid  to  be  due  either  to  a  ferment  or  to 
oxidation.  He  further  found  that  various  toxic  substances  could  inhibit 
the  fermentation.  Ed.  Robiquet^  showed  that  the  tannic  acid  was  trant* 
formed  during  the  fermentation  and  he  believed  the  transformation  to  be 
due  to  the  ferment  pectase  which  he  extracted  from  the  gall  nuts.  Witt* 
stein*  stated  that  beer^east  aided  tannin  fermentation  by  fermenting  the 
sugars  and  other  products  present.  Van  Tieghem*  was  the  first,  howerer, 
to  demonstrate  that  tbe  formation  of  gallic  acid  during  fermentation  w  due 
to  the  action  of  fungus  organisms,  and  not  to  enaymes  pre-existing  in  the 
galls,  nor  to  oxidation  by  the  air.  He  stated  further  that  the  organiamB 
were  Penicillium  glaucum  and  a  new  organism  which  he  named  AspergiUw 
niger.  He  found  that  if  the  growth  was  submersed,  the  tannic  acid  was  con- 
verted into  gallic  acid  and  glucose,  the  glucose  being  gradually  used  up,  ^ 
gallic  acid  remaining.  He  stated  further  that  if  the  growth  was  on  the  sur- 
face, sporulation  and  greater  growth  occurred  and  that  the  tannic  acid  was 
destroyed  directly,  the  slight  hydrolysis  being  due  to  submerged  mycelium, 
the  resulting  glucose  and  gallic  acid  being  then  assimilated. 


»  H.  Trimble:  The  Tannins,  Part  I,  168  pp.;  Part  II,  172  pp.,  1892. 
'  H.  K.  Proctor:  Leather  Industry.  Laboratory  Book^  2nd  edition,  450 pp.. 
1908. 

•  Quoted  from  H.  Trimble:  loc.  cit. 

*M.  Robiquet:  Faits  pour  servir  k  de  Tacide  gallique,  Ann,  de  chim. 
el  de  phys.f  2*  serie,  Ixiv,  pp.  385-409,  1837. 

•  A.  Laroque:  Neue  Untersuchungen  tiber  Galluss&ure,  Ann.  d.  Chem.  u. 
Pharm.y  xxxix,  pp.  37-100,  1841. 

^  Ed.  Robiquet:  Recherches  sur  la  fermentation  gallique,  Ann.  de  chtn. 
et  de  phys.f  3®  serie,  xxxix,  pp.  453-460, 1853. 

•  Wittstein :  Jahresber.  tiber  die  Fortschritte  der  Chemie,  1853,  p.  435. 

•  Ph.  VanTieghem:  Sur  la  fermentation  gallique,  Compt,  rend,  de  I' Acad, 
des  Set.,  Ixv,  pp.  1091-96, 1867. 
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Mlintzi"  found  that  fermentation  occurred  through  the  action  of  Peni- 
ctUium  glaucum,  Fembach"  grew  Aspergillus  niger  in  Raulin's  solution 
with  the  sugar  replaced  by  tannic  acid,  and  then  extracted  from  the  organ- 
ism the  enzyme  tannase.  Pottevin,^'  in  a  similar  manner  and  at  the  same 
time,  extracted  the  enz3rme  tannase  from  the  same  fungus.  He  noted  also 
that  the  enzyme  was  developed  when  Aspergilltts  niger  was  grown  on  Raulin's 
solution  with  the  sugar  replaced  by  gallic  acid.  He  stated  that  the  tannase 
acted  on  tannate  of  gelatin  and  also  hydrolyzed  methyl  salicylate  and  ethyl 
salicylate. 

Manea^'  showed  that  synthetically  prepared  digallic  acid  was  not  split  up 
by  Aspergillus  niger  and  PeniciUium  glaucum  into  gallic  acid,  and  therefore 
concluded  that  the  hydrolyzable  tannin  of  the  gall  nut  could  not  be  a  digallic 
acid.  The  latter  in  high  concentrations  was  toxic  to  the  organism.  Fur- 
ther, Manea  estimated  quantitatively  the  digallic  and  tannic  acid  used  by 
each  organism.  In  a  study  of  the  fermentation  process  he  employed  pure 
cultures,  adding  a  previously  sterilized  Raulin's  solution  rendered  strongly 
acid.  The  quicker  the  fermentation,  the  richer  was  the  yield  of  gallic  acid 
obtained. 

Kunz-Krause"  found  an  octyl  gallotannoid,  CsiHsoOaa,  which  through 
the  action  of  a  mould  was  transformed  to  gallic  acid. 

III.   METHODS. 

Culture  solution.  Throughout  all  the  work  the  culture  solutions 
used  were  a  slight  modification  of  Richards'^  solution  or  of  Cza- 
pek's  solution.^*  These  solutions  are  designated  respectively  A 
and  B  and  are  as  follows: 

• 

*•  Muntz:  Ber.  d,  deutsch.  chem.  Gesellsch.f  1877,  p.  1773. 

"A.  Fembach:  Sur  la  tannase,  Compt,  rend,  de  VAcad.  des  Sci.,  cxxxi, 
pp.  1214-15,  1901. 

^'H.  Pottevin:  La  tannase.  Diatase  dedoublant  Tacide  gallotannique, 
Compi.  rend,  de  VAcad.  des  Sci.f  cxxxi,  pp.  1215-17, 1901. 

*'A.  Manea:  Surlesacidesgallotanniquesetdigalliques.  These,  Geneva, 
1904.     (Cited  from  Lafar:  Handb.  d.  lechnische  Mykologie,  I,  p.  663.) 

**Kunz-Krause:  Fragmente  zu  einer  Monographic  d.  Tannoide,  Pharm. 
CentraWL,  Halle,  1898.  (Cited  from  Lafar:  Handb.  d,  lechnische  Mykologie, 
I,  p.  662.) 

'^  H.  M.  Richards :  Die  Beeinflussung  des  Wachstums  einiger  Pilze  durch 
chemische  Reize,  Jahrb.f.  wiss.  Bot.,  xxX;  pp.  665-688, 1897. 

*•  Quoted  from  A.  W.  Dox:  Intracellular  Enzjrmes  of  PeniciUium  and 
AspergUlus,  U.  S.  Dept.  of  Agric,  Bureau  of  Animal  Industry,  Bulletin 
120,  70  pp.,  1910. 
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Solution  A.  Solution  B. 

KNO, 1.0   gram.    MgSO* 0.5  gnm 

KH,P04 0.6    gram.    KtHPO* 0.1  grim. 

MgS04 0.25  gram.    KCl 0.5  gnm 

Distilled  H2O 100  cc.  NaNOa 2.0  gram. 

Distilled  H,0 lOCOcc 

The  source  of  carbon  was  cane  sugar,  tannic  acid  or  gaDic  acid, 
either  alone  or  supplementing  each  other,  depending  upon  Uie 
experiment.  A  10  per  cent  concentration  of  sugar  was  employed, 
as  experience  has  shown  that  the  better  growth  is  secured  with 
this  concentration  than  with  the  lower  concentration.  This  fact 
is  developed  in  a  subsequent  table. 

Methods  of  inoculation.  Iti  all  of  the  fermentation  experiments 
the  method  of  inoculation  employed  w;as  that  prop>osed  by  Hasse- 
Ibring.*^ 

Methods  of  analysis.  The  volumetric  method  of  Dreaper*' 
was  used  for  some  experiments,  but  for  most  of  the  work  the  volu- 
metric method  proposed  by  Jean^*  was  used.  Both  methods  have 
imperfections,  but  they  are  approximately  accurate.  In  all  cases 
analyses  were  checked  by  duplicate  determinations  and  usually  by 
more. 

Method  of  washing  and  weighing  the  fungus  feU.  For  the  experi- 
ments, the  results  of  which  are  included  in  tables  I  and  II,  the 
method  used  in  washing  the  felt  free  from  gallic  and  tannic  acid 
was  as  follows: 

The  felt  was  removed  by  means  of  a  bent  needle  and  floated  on  distilled 
water,  the  water  being  renewed  until  it  gave  no  further  coloration.  In  wlcr 
to  secure  the  submersed  growth,  the  solution  was  poured  into  a  cylinder  and 
the  submersed  growth,  which  now  usually  floated  on  the  surface,  was  then 
removed  by  needles.  All  of  the  mycelium  was  then  placed  in  a  crucible, 
which  had  been  brought  to  constant  weight  at  105®,  heated  for  five  hours  it 
the  same  temperature  and  then  weighed.  This  method,  as  well  as  the  u« 
of  filter  paper,  possesses  obvious  disadvantages  as  well  as  being  inaccurate- 
For  most  of  the  work,  therefore,  the  following  method  was  used :  The  Gooch 


"  H.  H.  Hasselbring:  Carbon  Assimilation  of  Penicillium,  Bot.  Gazfl^t 
xlv,  pp.  176-193,  1908. 

*•  W.  P.  Dreaper:  Estimation  of  Tannic  and  Gallic  Acid,  Chem.  St^, 
xc,  pp.  111-112,  1904. 

**F.  Jean:  Die  Bestimmung  des  Tannins  und  der  Gallusafiurc,  rA^*"- 
Centralbl.,  1900,  pp.  1107-08. 
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filter  was  prepared  in  the  usual  manner,  as  employed  in  quantitative  chem- 
ical analysis,  and  filtration  was  made  by  means  of  the  Gooch  funnel  with 
suction.  The  original  solution  was  first  decanted  into  the  Gooch  crucible. 
The  felt  vraa  then  washed  in  the  flask  four  or  five  times  with  distilled  water  at 
room  temperature;  or,  if  gallic  acid  had  been  precipitated,  warm  water 
was  used.  The  washing  of  the  felt  continued  until  the  wash  water  was  per- 
fectly clear.  The  felt  was  then  placed  in  the  Gooch  crucible,  the  flask  again 
washed  and  the  wash  water  poured  into  the  Gooch  crucible.  The  advan- 
tages of  the  method  consist  in  the  rapidity  of  the  filtration  and  the  accuracy 
which  results  from  the  thorough  washing,  which  latter  is  important  when  the 
culture  solution  is  to  be  analyzed  and  absolute  weight  of  mycelium  is  to  be 
obtained.  It  is  an  especially  accurate  method  of  securing  all  the  fungous 
mycelium,  and  by  exercising  a  little  care  there  is  no  noticeable  loss  of  spores. 

IV.  TOXICITY   OP  TANNIC   ACID    FOB   CEBTAIN   FUNGI. 

In  the  literature  of  tannic  acid  fermentation  only  two  organisms 
are  mentioned  as  possessing  the  property  of  efifecting  this  fermen- 
tation; these  are  Aspergillus  niger  and  PenidUium  jglaucum.  In 
order  to  determine  whether  other  organisms  are  capable  of  effecting 
the  transformation,  a  considerable  number  of  filamentous  fungi 
were  carefully  tested  with  respect  to  their  ability  to  grow  in  tannic 
acid  solutions. 

As  a  nutrient  medium  a  bean  decoction  was  made  by  boiling  1 
liter  of  laboratory  preserved  beans  with  a  liter  of  tap  water.  The 
juice  was  then  filtered  off  and  diluted  to  2  liters.  With  this  decoc- 
tion as  a.  solvent,  four  concentrations  of  tannic  acid  were  made; 
namely,  0.25  per  cent,  2  per  cent,  5  per  cent  and  10  per  cent.  Test 
tubes  were  employed  as  culture  vessels,  to  each  of  which  were 
added  10  cc.  of  the  solution.  Small  wads  of  filter  paper  were 
added  to  afford  a  solid  substratum.  The  tubes  were  prepared  in 
duplicate,  sterilized,  inoculated  and  kept  at  room  temperature. 
They  were  examined  at  intervals  and  the  final  observations  made 
at  the  end  of  two  weeks  are  recorded  in  table  A. 

It  is  especially  noteworthy  that  the  5  per  cent  permitted  the 
growth  of  only  one-third  of  the  organisms,  while  in  the  10  per  cent 
solution  only  Aspergillus  fiavus,  Aspergillus  niger  and  PenidUium 
sp.  are  able  to  grow.  A  separate  experiment  indicated  that 
Aspergillus  oryzae  could  withstand  10  per  cent  tannic  acid. 

An  experiment  was  also  made  to  determine  if  any  of  these  organ- 
isms could  utilize  tannic  acid  as  a  source  of  carbon.  Solution  B 
with  11.6  grams  of  tannic  acid  per  100  cc.  of  solution  was  used.- 
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TABLE  A. 


ORGANISM 


^  0.25  per  cent      2  per  cent 


1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 
10. 
11. 
12. 
13. 
14. 
15. 
16. 
17. 
18. 
19. 
20. 
21. 
22. 
23. 


PeniciUium  hrevicatUe . . . 
Penicillium  camernberii . . 
PeniciUium  claviforme, . . 

Penicillium  duclauxii 

Penicillium  grantdalum. . 

Penicillium  italicum 

Penicillium  lilacinum 

Penicillium  purpurogenum 

Penicillium  sp 

Aspergillus  flavus 

Aspergillus  niger 

Trichoderma  lignorum .... 

Mucor  circinelloides 

Mucor  rouxii 

Mucor  spinosus 

Polyporus  suLphureus 

Polyporus  resinosus 

Fames  megaloma 

Chaetomium  sp 

Chaetoslylon  sp 

Slysanus  sp 

Cephalothecium  roseum 

Circinella  umbellata 


CHARACTER  07  OBOWTH 


good 
good 
good 
good 
good 
good 
good 
good 
good 
good 

good  I 
good 
good 
good 
good 
good 
good 

no  growth 

good  growth 

good  growth 

good  growth 

good 


good 

good 

good 

good 

good 

slight 

slight 

none 

good 

good 

good 

none 

slight 

slight 

none 

none 

none 

none 

none 

none 

none 

none 

good 


5  per  cent     1 10  percaot 


good  ! 

very  slight, 

good  ! 

none 

good  ' 

slight  j 

none 

none  ' 

good 

good 

good 

none 

none  • 

none 

none 

none 

none 

none 

none 

none 

none 

none 

none 


good 
good 
good 


Erlenmeyer  flasks  of  150  cc.  capacity  were  employed,  and  in  each 
were  placed  50  cc.  of  the  culture  solution.  After  sterilisation 
these  flasks  were  inoculated  and  maintained  at  room  temperature. 
In  addition  to  the  above  list  of  organisms  the  following  were  tested: 
Aspergillus  oryzaCj  Nectria  ipomoeae,  Fusarium  oxysporurriy  Phyco- 
myces  nitens  and  StilbeUa  sp.  Of  all  organisms  tested  only  Asper- 
gillus. niger  and  Penicillium  sp?^  developed.  Duplicate  cultures 
of  all  these  organisms  on  Chinese  galls  gave  similar  results,  except 
in  this  case  Aspergillus  flavtis  produced  a  very  slight  growth. 

VanTieghem^V  found  that  both  Aspergillus  niger  and  Penicillium 
glaucum  could  withstand  a  saturated  solution  of  tannic  acid,  and 


2"  One  other  species  of  Penicillium,  as  indicated  in  the  appendix,  is  able 
to  develop  upon  a  10  per  cent  tannic  acid  solution. 
*^  hoc.  cit. 
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the  fact  that  both  develop  in  moistened  gaJl  nuts,  which  contain  per 
dry  weight  60  per  cent  of  tannic  acid,  is  evidence  that  for  these  two 
organisms  the  tannic  acid  is  not  toxic. 

Toxicity  of  tannic  acid  for  Aspergillus  flamts  anH  Aspergillus  oryzae. 
An  experiment  was  conducted  to  determine  the  growth  at  various 
concentrations  of  tannic  acid  with  and  without  10  per  cent  cane 
sugar.  In  one  case  tannic  acid  (Merck's  tested  reagent)  was 
added  to  solution  B;  in  the  other,  tannic  acid  +  10  per  cent  sugar 
was  used.  Test-tube  cultures  with  15  cc.  of  the  solutions  were  em- 
ployed. The  results  in  general  showed  that  these  two  fungi  develop 
normally  in  the  presence  of  2.5  per  cent  tannic  acid,  but  greater 
concentrations  decrease  the  rate  of  germination  and  inhibit  the 
growth.  In  the  15  per  cent  concentrations  of  tannic  acid,  after 
nine  days,  only  one-third  of  the  surface  was  felted.  Up  to  7.5 
per  cent  concentration  the  entire  surface  was  felted. 

Conclusion  and  discussion.  The  experiments  on  the  toxicity 
of  tannic  acid  indicate  that  of  aU  the  organisms  tested,  Asper- 
giUus  niger  and  Penicillium  sp,^  are  best  adapted  for  the  tannic 
acid  fermentation.  These  two  organisms  were,  therefore,  selected 
for  more  detailed  investigation,  though  the  other  two  organisms 
previously  mentioned  were  also  reserved  for  further  study. 

Since  the  above  experiments  were  made,  a  bulletin  has  appeared 
on  the  toxicity  of  tannin  by  Cook  and  Taubenhaus.^  The  maj6r- 
ity  of  a  large  number  of  parasitic  organisms  tested  by  them  with 
respect  to  the  toxicity  of  tannin  show  retardation  of  growth  at 
from  0.1  per  cent  to  0.8  per  cent  of  tannin.  The  few  saprophytic 
forms  tested  exhibit  a  more  marked  resistance.  My  own  experi-r 
ments  indicate  also  that  the  saprophytic  forms  can  withstand 
relatively  higher  concentrations  of  tannic  acid  than  the  parasitic- 
forms. 


"  See  appendix  for  description  of  this  organism. 

**  M.  T.  Cook  and  J.  J.  Taubenhaus :  The  Relation  of  Parasitic  Fungi  to 
the  Contents  of  the  Cells  of  the  Host  Plant,  Delaware  Agric.  Exp.  Station, 
Bulletin  91,  77  pp.,  1911. 
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Xhe  loss  in  gallic  acid  indicates  that  this  substance  is  used  by 
the  organisms  as  a  source  of  carbon,  which  fact  agrees  with  the 
observations  of  VanTieghem^  and  Pottevin.^^    According  to  Van- 
Tieghem,  when  growth  occurs  on  the  surface  the  tannic  acid  is  uti- 
lized directly  without  previous  conversion  into  gallic  acid.    There 
is   no    evidence  for  this  assumption.    If  the  tannic  acid  is  not 
utilized  directly,  and  it  probably  is  not,  then  Aspergillus  niger  is 
a  more  vigorous  fermentative  organism  than  PenidUium  sp.  for 
in   the  Penicillium  culture  more  tannic  acid  remained  and  the 
decrease  in  gallic  acid  was  only  39  per  cent.    The  larger  gallic  acid 
content  of  the  Penicillium  culture  is  related  to  the  smaller  amount 
of  growth  and  not  to  the  greater  practical  eflSciency  as  a  fermenta- 
tive organism,  and  this  point  is  more  apparent  from  later  work. 

In  table  II  there  are  given,  separately,  data  for  four  of  the 
Penicillium  cultures.  This  table  emphasizes  a  general  relation 
between  the  amount  of  growth  and 'the  extent  of  fermentation; 
furthermore,  the  disappearance  of  gallic  acid  is  correlated  with 
increased  growth. 

TABLE  n. 


IfO. 

TANNIC  ACID 

IK  CUIiTURB 

SOLUTION 

LOSS  IN 
TANNIC  ACID 

GALLIC  ACID 

IN  CULTUB* 

BOLUTION 

LOBBIN 
OALUC  ACID 

wsroHT  or 
ruNous 

Check 
1 
2 
3 
4 

grams 

1.472 

1.216 

0.140 

0.152 

0.100 

grams 

0.156 
1.332 
1.320 
1.372 

grams 

2.952 

2.396 

2.240 

1.760 

1.308 

grams 

0.556 
0.700 
1.192 
1.644 

gram 

0.295 
0.450 
0.550 
0.700 

Culture  No.  1  seems  to  indicate  that  the  tannic  acid  transfor- 
mation is  dependent  upon  the  amount  of  growth,  for  only  a  small 
amount  of  tannic  acid  was  transformed,  but  a  greater  growth 
during  the  same  period  in  the  other  cultures  resulted  also  in  almost 
complete  transformation. 

Since  the  most  economical  production  of  gallic  acid  is  dependent 
upon  the  amount  of  growth,  and  growth  amount  is  a  function  of 
time,  temperature,  aeration,  and  nutrition,  then  these  factors 
should  be  important.    Growth  is  emphasized  because  with  it 

*•  Loc.  cit, 
"  Loc.  cit. 
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the  amount  of  the  enzyme  is  probably  correlated,  at  least  with 
respect  to  PenidUium  sp. 

Culture  No.  1  shows  a  small  decrease  in  tannic  acid  Sknd  a  hi^ 
decrease  in  gallic  acid.  In  culture  No.  2  the  loss  of  tannic  add 
is  greater  than  loss  of  gallic  acid.  The  probable  explanation  is 
that  PenidUium  sp.  utilizes  first  the  gallic  acid  and  then  transfiH'- 
mation  of  the  tannic  acid  occiu^.  In  culture  No.  1  the  smaller 
growth  has  been  at  the  expense  of  tannic  acid.  It  does  not  seem 
possible  to  demonstrate  that  tannic  acid  is  not  directly  utilized  but 
it  seems  probable  that  it  must  be  converted  into  gallic  acid. 

Inflxience  of  duration  and  extent  of  growth  and  comparison  of  organ- 
isms,   in  order  to  determine  the  jrield  of  gallic  acid  at  different 
intervals,  and  so  to  note  the  influence  of  growth  and  duration  on 
the  fermentation,  an  experiment  was  made  as  follows:  Solution 
B  was  used  and  to  it  w^e  added  7.6  grams  of  Merck's  purified 
tannic  acid  per  100  cc.  of  solution.     The  concentraticm  of  the 
tannic  acid  was  such  that  it  came  within  the  limits,  as  found  by 
Van  Tieghem,^'  most  favorable  for  PenidUium  glaucum.    For  the 
investigation  50  cc.  of  the  culture  solution  were  placed  in  Erlenmeyer 
flasks  of  150  cc.  capacity.    The  cultures  were  sterilized  for  fifteen 
minutes  at  5  pounds'  pressure  and  then  inoculated  according  to  the 
method  described.    The  cultures  were  kept  in  an  incubator  at  31** 
and,  at  intervals,  as  indicated,  duplicate  cultures  were  taken  for 
analyses.    The  mycelium  was  removed  by  filtering  with  suction 
through  the  Gooch  crucible,  and  it  was  then  washed  with  warm 
water  to  dissolve  all  adhering  galUc  acid.    The  solution  was  tien 
brought  up  to  500  cc.  and  analyzed  according  to  the  method  of 
Jean.2*    The  results  of  the  experiment  are  given  in  Table  III. 

In  culture  No.  8  the  amoimt  of  gallic  acid  decrease  was  0.126 
gram  and  the  tannic  acid  decrease  only  0.069  gram,  recalling  the 
case  of  No.  1,  table  II.  PenidUium  sp.,  it  seems,  therefore  util- 
izes the  gallic  acid  first,  and  then  the  secretion  of  enzyme  involves 
the  transformation  of  the  tannic  acid.  In  all  of  the  succeeding 
cultures  the  tannic  acid  decrease  is  greater  than  the  increase  of 
galhc  acid,  and  this  is  to  be  accounted  for,  again,  not  by  a  direct 
utilization  of  tannic  acid  but  by  the  fact  that  the  tannic  acid  is 
first  converted  into  gallic  acid;  and  the  constant  increase  of  the 

^'  Loc.  cit. 
2»  Loc.  cit. 
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TABLE  in. 


Organism,  Aapergillius  niger. 


DUBATIOK 


CCri^TUWE  NO. 

1 

• 

day 

1 

\          4 

2 

!          6 

3 

8 

4 

10 

5 

:    12 

6 

:     16 

7 

28 

Check 

1 
1 

8 

4 

9 

6 

10 

8 

11 

10 

12 

12 

13 

16 

14 

28 

TANNIC  ACIO 
IN  CULTURE 


L088  0F      GALLIC  ACID  L088 

*A^*«r.  A #,««'»'*  CULTURB  OB  GAIN  OF 
SOLUTION    ^A^WICAOD    .OLUTION 


QTQIM 


ffTOfns 


0.750 

1.057 

0.252 

0.306 

0  160 

0.159 

i      ° 

1.603 

i 

0.853 
0.546 
1.351 
1.297 
1.443 
1.444 
1.603 


gram* 

2.584 
2.191 
1.814 
1.001 
1.460 
1.406 
0.898 
2.100 


Organism,  Penicillium  sp. 


1.534 
1.330 
1.296 
0.750 
0.427 
0.597 
0.106 


DBT 

WBIOHT  or 
Gallic  acid'    funqus 


QtatnA 

+0.484 
+0.091 
-0.286 
-0.499 
-0.640 
-0.694 
-1.202 


; 


0.069 

1.974 

-0.126 

0.273 

2.191 

+0.091 

0.305 

1.769 

-0.331 

0.853 

1.669 

-0.431 

1.176 

1.333 

-0.767 

1.006 

1.530 

-0.670 

1.497 

1.277 

-0.823  , 

Qfatn 


0.0314 
0.1568 
0.1946 
0.4688 
0.4933 
0.5137 
0  6345 


0.0157 
0.0800 
0  1458 
0.3031 
0.3880 
0.4096 
0.4284 


gallic  acid  prevents  the  utilization  of  the  gallic  acid  from  being 
made  manifest. 

If  the  Aspergillus  niger  and  Penicillium  sp.  cultures  are  com- 
pared, one  finds  that  the  tannic  acid  in  the  Aspergillus  culture  is 
transformed  to  the  extent  of  81  per  cent  by  the  tenth  day;  whereas 
in  the  Penicillium  cultures  this  transformation,  for  the  correspond- 
ing time,  is  only  53.3  per  cent  of  the  tannic  acid.  Moreover,  by 
the  fourth  day  the  gallic  acid  had  increased  in  culture  No.  2  by 
nearly  0.5  gram,  while  in  culture  No.  8,  for  a  corresponding  time, 
there  was  a  decrease  of  gallic  acid.  With  this  concentration  and 
temperature,  therefore,  the  Aspergillus  niger  is  a  more  vigorous 
fermentative  organism  than  Penicillium  sp. 

If  now  the  time  factor  and  amount  of  growth  be  examined  in 
their  relation  to  the  gallic  acid,  it  is  found  that  with  the  above 
solutions  and  under  the  specified  conditions,  the  gallic  acid  de- 
creases after  the  sixth  day  and  is  utilized  in  the  further  metabolism 
of  the  organism. 


170 


Tannic  Acid  Fermentation 


Comparison  of  fermentative  capacity  in  an  infusion  of  gall  nnU. 
For  the  investigation  an  extraction  of  the  gall  nuts  was  made  as 
follows:  1800  grams  of  the  Aleppo  gall  nuts  were  placed  in  one  jar 
and  the  same  quantity  of  Chinese  nuts  in  another.  To  each  were 
added  3  liters  of  tap  water,  and  the  extraction  was  allowed  to 
continue  for  five  days,  when  the  extract  was  filtered.  To  eadi 
jar  were  added  again  2  liters  of  water,  and  after  one  day  the  ex- 
tracts were  filtered  and  combined  with  the  previous  filtrates.  Then 
the  two  extracts  from  the  Chinese  and  Aleppo  galls  were  mixed. 
After  a  second  filtration  the  solution  was  ready  for  the  culture 
vessels.  For  this  purpose  jcultures  were  made  in  the  usual  way, 
using  Erienmeyer  flasks  of  150  cc,  each,  with  60  cc.  of  the  infusion 


TABLE  IV. 


CULTUBB  NO. 


Check 


DUBATION 


dajfM 


'111 

TANNIC  acid:      ,  _-_  ^,      GALL.C  ACID.      „  .  ^  «, 
,„  __,-,__,_(      LOSS  OF      I, w  «.«•»«».'     OAlNOr     ' 
IN  CULTI7E«_.„„„  .,— ,»IN  CCLTUBK,.  .  _  ,  ,„  .„_ 
TANNIC  ACID    _ «..  .„^  ^IT^O  ALLIC  AdD 


SOLUTION 

ffram4 


1.637 


grams 


SOLUTION 

I 

grams      i      grams 


1.797 


OBT 

vi.caTor 
nryocs 

from 


Aspergillus  niger. 


2 
3 
4 
5 
6 


4 

6 

8 

12 

20 

56 


0.545 

1.092 

0.218 

1.419 

0 

1.637 

0 

1.637 

0.206 

1.431 

0 

1.637 

2.752 
3.218 
2.500 
2  527 
2.527 
2  527 


Penicillium  sp. 


7 

8 

9 

10 

11 

12 


4 

6 

8 

12 

20 

56 


1.330 

0.307 

0.545 

1.092 

0.409 

1.128 

0.034 

1.603 

0.085 

1.552 

0.152    !    1.415 


2  050 
2.627 
2.387 
2.471 
2.457 
2  247 


0.956 

1.421 

0.197 

0.703 

0262 

!      0.730 

0.171 

0  730 

0205 

0.730 

0  148 

0.253 

0.043 

0.730 

0  157 

0  590 

0  110 

0  674 

0  171 

0.660 

0  117 

;      0  450 

0  151 

A  comparison  of  the  two  organisms,  as  regards  their  fermenta- 
tive capacity,  shows  again  that  Aspergillus  niger  is  a  more  eflBciait 
organism.  Note  especially  that  in  four  days  the  Aspergillus  cul- 
tures exhibit  an  increase  of  gallic  acid  nearly  four  times  as  great 
as  that  in  the  Penicillium  cultures,  and  all  of  the  tannic  acid  had 
been  converted  in  the  former  by  the  eighth  day,  while  in  the  Peni- 
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cilliiiTn  cultures  only  70  per  cent  was  converted  in  the  same  time. 
Not  only  does  AspergiUua  niger  produce  a  more  rapid  fermenta- 
tioiiy  but  also  a  greater  production  of  gallic  acid  is  effected;  for, 
as  indicated,  the  maximum  yield  of  gallic  acid  in  the  Aspergillus 
cultures  is  twice  that  in  the  Penicillium  cultures,  and  this  in  spite 
of  the  fact  that  a  greater  weight  of  Aspergillus  niger  is  produced. 
Furthermore,  in  the  Penicillium  cultures  there  occurs  a  decrease 
of  the  gallic  acid  even  when  considerable  tannic  acid  is  still  present 
in  the  culture  solution. 

In  order  to  understand  these  differences  between  Aspergillus 
niger  and  Penicillium  sp.,  the  composition  of  the  infusion  must 
first  be  considered  and  an  idea  of  this  may  be  obtained  from  con- 
stituents of  the  gall  nuts.  In  addition  to  tannic  acid,  the  gall 
nuts  contain  (Guibert*®)  gallic  acid,  chlorophyll,  starch,  gums, 
sugar,  proteins  and  various  inorganic  salts  and  other  compounds. 
A  water  extract  of  the  gall  nutc  would  contain  in  solution  and 
susi>ension  a  certain  amount  of  most  of  these  substances,  and  the 
subsequent  sterilization  would  probably  result  in  transformations 
which  would  make  certain  of  the  organic  compounds  more  avail- 
able. 

Aspergillus  niger  is  an  omnivorous  organism  in  its  relation  to 
the  utilization  of  carbon  compounds.  The  growth  of  this  organism 
for  the  first  few  days  is  probably  at  the  expense  of  the  other  organic 
substances  present,  and  the  gaUic  acid,  in  this  case,  accumulates. 
All  the  facts  indicate  that  while  Aspergillus  niger  is  utilizing  the 
organic  compounds  other  than  tannic  acid,  it  secretes  the  enzyme 
tannase  (this  point  will  be  further  developed  in  a  separate  paper), 
and  consequently  the  transformation  of  the  tannic  acid  goes  on, 
and  gallic  acid  accumulates.  When  the  other  organic  compounds 
are  exhausted,  the  gallic  acid  is  utilized,  and  then  the  decrease 
b^ins.  As  shown  previously,  Penicillium  sp.  tends  to  utilize  the 
gallic  acid  before  it  transforms  the  tannic  acid,  for  gallic  acid  is  a 
favorable  nutrient  carbon  compound  for  this  organism.  Further- 
more, as  I  will  show  in  a  later  paper,  the  presence  of  the  other  or- 
ganic compounds  may  decrease  the  secretion  of  the  enzyme  tan- 
nase by  Penicillium  sp.;  and  since  the  utilization  of  the  gallic  acid 
exceeds  the  formation  of  this  substance,  there  results  a  decrease 

"Quoted  from  H.  Trimble:  loc.  cit. 
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of  the  gallic  acid  despite  the  fact  that  tannic  acid  is  present  in 
solution. 

A  comparison  of  tables  III  and  IV  is  of  interest.   The 
experiment  with  a  synthetic  solution  and  the  other  m\h  the 
sion  were  conducted  at  the  same  time  and  under  identical 
tions  as  regards  sterilization,  inoculation  and  incubation.    M^ 
over,  the  tannic  acid  and  the  gallic  acid  content  of  the  cul 
solutions  are  nearly  the  same. 

In  table  V,  only  the  duration  of  experiment,  decrease  of 
acid,  the  loss  or  gain  of  gallic  acid  and  the  dry  weights  of  the  fi 
produced,  are  included. 

TABLE  V. 


Solution  B  +  1.W8  oeams  Taknic  !       T^SJi^c  AaD'-^l^eT^ST-i 
Acid  +  2.100  obams  Qaluc  Acid    |[       J^  j^  :  |:gj  °*^- 


DaSATION 


days 


LO88OF 

TANNIC  ACID 

ffTotns 


LOOB 

OS  GAIN  or 

QAJAJC  ACID 

ffToin 


DBT 

wKioRT  or 

rUNOUB 

ffTotn 


11    LOSS  or 

TANNIC  ACID 


groma 


GAIN  or 

GALLIC  ACn>' 
fftQtHS 


DBT 
WmiQBT^ 

ruxoc4N|| 

grmvi 


Aspergillus  niger. 


4 

6 

8 

12 

16 

20 


0.753 
0.546 
1.351 
1.443 
1.444 


+0.484 
+0.091 
-0.286 
-0.640 
-0.694 


0.031 

0.0156 

0.194 

0.493 

0.513 


l 


1.092 
1.419 
1.637 
1.637 


+0  955 
+1.421 
+0.703 
+0  730 


0.197 
0262 
0  171 


1  637       +0.730  1    0  148 


4 

6 

8 

12 

16 

20 


PenicilHum  sp. 

0.069 

-0.126 

0.015 

0.307 

+0.253 

0.273 

+0.091 

0.080 

1.092 

+0  760 

0.305 

-0.331 

0.145 

1.128 

+0  590 

1.176 

-0.767 

0.188 

1.603 

+0.674 

1.016 

-0.670 

0.4096 

i 

1.415 

+0.450  1 

0043 
0.157 
0.110 

oin 


It  is  interesting  to  note  that  in  the  s>Tithetic  solution  thegaUic 
acid  decreased  after  the  eighth  day,  while  in  the  gall  nut  infusion 
it  showed  at  that  time  a  marked  increase,  and  this  increase  vrss 
maintained  thereafter.  In  the  synthetic  solution  on  the  eigbtb 
day  there  was  a  loss  of  0.286  gram  of  gallic  acid,  while  in  the  gal/ 
nut  infusion  there  was  a  gain  of  0.703  gram  of  gallic  acid,  and  in 
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the  latter  the  tannic  acid  was  completely  transformed.     The  diflfer- 
ence  in  the  amount  of  tannic  acid  transformed  was  not  sufficient, 
however,  to  account  for  the  loss  of  gallic  acid  in  the  sjTithetic  solu- 
tion and  the  marked  increase  in  the  infusion  culture.    Despite  the 
greater  weight  of  the  fungus  this  increase  of  gallic  acid  was  more 
in  the  infusion  culture.     A  similar  condition  existed  at  the  end  of 
six  days.    The  explanation  of  this  point  seems  to  be  found  in  the 
fact  that  the  infusion  cultures  contain  various  organic  compounds 
which  are  utilized  in  place  of  the  gallic  acid;  that  is,  elected  in 
preference.    At  the  end  of  four  days  probably  none  of  the  gallic 
acid   has  been  assimilated.    The  subsequent  decrease  in  gallic 
acid  was  due  to  its  use  after  the  exhaustion  of  more  favorable 
organic  nutrients.    After  the  sixth  day  in  the  infusion  culture  there 
was  no  further  growth  of  the  organisms  and  no  decrease  in  the  gallic 
acid.     The  growth  was  less  than  one-half  of  that  in  the  synthetic 
cultures,  probably  due  to  the  lack  of  inorganic  nutrients,  although 
the  presence  of  injurious  metabolic  products  might  also  have  been 
a  factor,  as  the  organic  food  supply  was  by  no  means  exhausted. 
The  conditions  which  obtained  for  the  Aspergillus  niger  cultures 
apply  also  to  those  of  PeniciUium  sp. 

Another  point  of  interest  brought  out  by  the  comparison  is. 
the  more  rapid  fermentation  in  the  infusion  than  in  the  synthetic 
solution.  In  the  Aspergillus  cultures  the  tannic  acid  was  com- 
pletely transformed  in  the  gall  nut  infusion  by  the  eighth  day,  when 
the  weight  of  the  fungus  was  0.262  gram.  In  the  sjoithetic  cul- 
tures transformation  was  not  complete  by  the  sixteenth  day,  when 
the  weight  of  dry  mycelium  was  0.513  gram.  In  the  PeniciUium 
cultures,  also,  the  results  are  comparable. 

In  another  experiment  in  which  a  gall  nut  infusion  was  used 
containing  2.04  grams  of  tannic  acid  and  0.56  gram  of  gallic  acid 
per  50  cc,  at  room  temperature,  there  was  maintained  for  thirty 
days  an  increase  of  gallic  acid.  Practically  all  of  the  fermentation 
occurred  before  the  eleventh  day,  and  the  gallic  acid  was  protected 
by  the  other  organic  substances. 

Since  the  experiments  with  the  infusion  cultures  indicated  that 
the  gallic  acid  was  protected  to  a  certain  extent  by  the  election 
of  other  organic  substances,  it  was  determined  to  try  the  addition 
of  sugar  to  the  culture  solution  with  respect  to  its  effect  on  the 
election  of  foods  and  hence  on  the  yield  of  gallic  acid. 
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VI.      INFLUENCE    OP    THE    ADDITION    OF    SUGAR. 

Effect  of  6  per  cent  sugar.  For  these  cultures  solution  A  was 
used  to  which  was  added  in  the  one  series  tannic  acid  alone,  and  to 
the  other,  tannic  acid  and  cane  sugar.  Sugar  was  added  at  the 
rate  of  5  grains  per  100  cc.  of  solution,  and  the  amount  of  tannic 
acid  is  indicated  by  the  check.  The  cultures  were  made  in  lito 
flasks,  and  500  cc.  of  the  solution  were  used  for  each.  The  fladt 
and  contents  were  sterilized,  inoculated  and  kept  in  the  incubator 
at  a  temperature  which  varied  from  27®-30®C.  The  results  of  the 
experiment  given  in  table  VI  are  in  all  cases  obtained  from  dupli- 
cate cultures. 

TABLE  VI. 


CDLTUBB  NO. 


DURATION 


iafft 


TANNIC  ACID 

IN  CULTORE 

SOLUTION 

QTums 


i^mMt  r»»      (OALLIC  ACID  GAIN  ^VT 

'in  CULTUBb!  or  L06S  or   ITEICBT  Of 
TANNICACID    g^LUTION   'OALLIC  ACI1>|     TVSQV 


QmtH4 


grams 


ffTWIU 


ffWU 


Series  I.     Solution  A  -f  tannic  acid. 


1 
2 
3 
Check 


10 
20 
30 


4.568 

0.203 

0  050 

12.761 


8493  1    11.095  I  +6.867 
12.558  '      2.190  j  -2.038 
12.711         0.142  j  -4.086 
4  228  I 


1.42 
366 
400 


8ERIE8  II.    Solution  A  +  tannic  add  +  cane  sugar. 


4 
5 
6 
Check 


10 
20 
30 


0.913  1 

11.848 

0.812  1 

11.949 

0.101  ' 

12.660 

12.761  1 

8  761 
3.904 
0  143 
4.228 


-f-4  533 
-0.324 
-4  085 


em 

10  35 
13  10 


The  results  of  the  experiment  seemed  at  first  surprising.  Instead 
of  getting  a  protective  action  of  the  sugar  with  respect  to  thegall'f 
acid,  and  thereby  an  increased  yield  of  gallic  acid,  the  opposite 
condition  seemed  to  result.  The  yield  of  gallic  acid  was  actually 
less  at  the  end  of  ten  days  in  the  solution  containing  sugar  than  in 

• 

the  solution  which  lacked  sugar,  even  though  more  of  the  tannic 
acid  was  transformed  in  the  former.  At  the  end  of  twenty  days 
more  gallic  acid  was  left  in  the  cultures  of  series  II  than  in  the  corre- 
sponding culture  solutions  of  series  I,  and  so  a  certain  protective 
action  of  the  sugar  is  evident.  At  the  end  of  thirty  days  practi- 
cally all  of  the  tannic  acid  and  gallic  acid  had  disappeared  from 
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the  culture  solutions.  In  explanation  of  the  seeming  failure  of  the 
sugar  to  protect  the  gallic  acid,  the  dry  weights  of  felts  produced 
in  the  correspondmg  cultures  must  be  compared.  The  weight  of 
fungus  produced  in  each  culture  of  series  II  was,  at  the  end  of  each 
period,  at  least  three  times  as  great  as  the  weight  of  the  correspond- 
ing cultures  of  series  I.  This  increased  growth  and  the  accompany- 
ing increased  respiration  were  sufficient  to  utilize  practically  all 
of  the  organic'nutrients  supplied,  usually  all  of  the  sugar  and  some 
of  the  gallic  acid. 

Effect  of  10  per  cent  sugar.    Since  negative  results  wereobtained 

as  regards  the  protection  of  the  gallic  acid  by  5  per  cent  sugar  a 

new  series  of  cultures  was  made  with  10  per  cent  sugar  in  solution 

B  to  which  was  added  the  tannic  acid  required.    On  analysis  the 

solution  showed  after  sterilization  4.171  grams  of  tannic  acid  and 

2 .  198  grams  of  gallic  acid  per  50  cc.    The  cultures  were  incubated 

at  a  temperature  of  28°,  though  it  dropped  occasionally,  owing  to 

an  imperfect  thermostat,  to  25°  and  rose  likewise  to  32°.    The 

cultures  were  taken  down  at  definite  intervals,  the  weight  of  the 

felts  determined,  and  the  analyses  of  the  culture  solutions  made 

according  to  the  methods  previously  described.     The  results  follow 

in  table  VII. 

The  protective  action  of  the  sugar  is  at  once  evident.  Since  the 
concentration  of  tannic  acid  here  is  double  that  in  the  experiments 
which  are  included  in  table  III,  and  therefore  a  comparison  of  the 
yields  of  gallic  acid  is  not  possible,  yet  the  great  increase  of  gallic 
acid  and  the  maintenance  of  this  increase  prove  that  the  sugar  has 
been  utilized  in  place  of  the  gallic  acid.  Here  it  is  obviously  not 
true  that  the  greater  the  weight  the  less  the  gallic  acid.  Cultures 
Nos.  4,  5,  6  and  7  all  vary  in  weight,  yet  the  amount  of  gallic  acid 
in  each  is  approximately  the  same,  and  any  difference  may  be 
due  to  the  imperfect  method  of  analysis.  Even  at  the  expiration 
of  thirty-five  days  no  decrease  of  the  gallic  acid  was  evident.  It 
may  be  concluded,  therefore,  and  further  experiments  prove,  that 
the  10  per  cent  sugar  protects  the  gallic  acid. 

While  an  increase  of  gallic  acid  is  maintained  in  the  Penicillium 
cultures,  the  increase  is  relatively  small  and  is  due  to  a  slower  trans- 
formation of  the  tannic  acid;  practically  no  transformation  of 
tannic  acid  occurred  until  after  the  fourteenth  day.  Previous  to 
this  time  the  growth  was  entirely  submersed,  hut  afterwards  fructi- 
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enzyme  is  formed.     The  inhibition  of  enzyme  secretion  by  the 
presence  of  organic  nutrients  has  been  observed  by  Puriewitscb.* 

•'  G.  M&liitaDo:  La  proteolyze  ehe«  I'AspergilluB  niger.  Ana.  d.  ('/"(■ 
PaeUuT,  xiv,  pp.  60-81,  1900. 

"  K.  Puriewilach:  Uober  die  Spaltung  der  Glycoside  durcb  die  Sclun"- 
melpilie,  Ber,  d.  lietilnch.  hot.  GMethch.,  nvi,  pp.  368-377,  1898. 
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The  transformation  of  salicin  or  arbutin  was  inhibited  in  the  pres- 
ence of  certain  amounts  of  glucose,  cane  sugar  or  starch.  Like- 
wise Katz**  found  that  PeniciUium  glaucum  did  not  secrete  the 
enzyme  diastase  when,  along  with  0.25  per  cent  soluble  starch,  either 
2  per  cent  glucose  or  15  per  cent  cane  sugar  was  offered.  Asper^ 
giJlus  niger  was  not  influenced  noticeably  in  the  secretion  of  the 
tannase  by  the  presence  of  the  10  per  cent  cane  sugar,  while  the 
PeniciUium  sp.  was  markedly  influenced. 

Another  noteworthy  fact  in  regard  to  the  PeniciUium  sp.  is  the 
small  increase  of  gallic  acid  between  the  twentieth  and  thirty-fifth 
day.  It  seems  that  the  enz3ane  secreted  was  so  very  little,  or  of 
such  feeble  activity  or  destroyed,  that  a  very  limited  transforma- 
tion only  was  effected.  Even  at  the  end  of  fifty-six  days  the  tannic 
acid  was  not  entirely  converted,  and  the  increase  of  gallic  acid  after 
the  end  of  thirty-five  days  was  relatively  small. 

Influence  of  concentration  of  sugar  on  growth.  For  an  explana- 
tion of  the  protective  action  of  10  per  cent  sugar  the  following  table 
is  suggestive.    Each  result  is  the  average  of  sixteen  cultures  of 

AspergiUus  niger. 

TABLE  vm. 


CCLTURK 
NO. 


1 
2 

3 
4 


COMPOSITION  OF  NUTRIENT  SOLUTION 


BUOAB 

IN  CULTURE 

SOLUTION 


6 


Check:  60  cc.  sol.  A  -f  trace  FojClj 

4-  2.5  gms.  sugar 

50  cc.  sol.  A  4-  trace  FejCh 

+  8.55'gm8.  sugar 

50  cc.  sol.  A  +  trace  FejCU 

+  17.1  gms.  sugar 

50  cc.  sol.  A  +  trace  FejClj 

-f  25.66  gms.  sugar 

50  cc.  sol.  A  +  trace  FeaClj 

+  37.00  gms.  sugar 

50  cc.  sol.  A  4-  trace  FeiCU 

4-42.50  gms.  sugar 


per  emit 

5 

17.1 
34.2 
51.3 
74.0 
85.0 


DRY  WEIGHT 
or  FUNOUS 


grams 


0.779 
1.239 
1.513 
1.590 
1.308 
1.230 


The  table  shows  that  the  optimum  sugar  content  is  above  5 
per  cent.  It  is  possible  that  the  increased  growth  in  the  culture 
solution  of  over.  10  per  cent  sugar  is  produced  not  by  an  assimi- 

**  J.  Katz:  Die  regulatorische  Bildung  von  Diastase  durch  Pilze,  Jahrb- 
/.  wiss.  BoL,  xxxi,  pp.  599-618,  1898. 
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lation  of  more  sugar  but  by  a  stimulus,  the  result  of  high  concen- 
tration. The  table  is  offered  here,  however,  only  to  indicate  that 
with  the  nutrient  solution  used  5  per  cent  sugar  is  not  sufficient 
for  greatest  growth.  It  throws  light  also  upon  the  failure  of  the 
5  per  cent  sugar  to  protect  the  gallic  acid  in  the  previous  experi- 
ment. 

VII.   ELECTION   OF  ORGANIC   SUBSTANCES. 

Historical.  VanTieghem**  stated  that  the  glucose  formed  as  a  result  of 
tannic  acid  fermentation  was  utilized  and  the  gallic  acid  left  behind.  Pas- 
teur demonstrated  that  Penicillium  glaucum  exhibited  an  election  of  ibe 
dextro-tartaric  acid  when  both  the  dextro-  and  laevo-tartaric  acids  were 
present.  Duclaux's'*  observations  revealed  the  fact  that  when  AspergiUvt 
niger  was  offered  salts  of  butyric  and  acetic  acid  in  a  mixture,  it  first  uaed 
the  latter  and  then  the  butyric  acid.  Furthermore,  he  proved  that  this 
was  not  due  to  the  better  nutrient  value  of  acetic  acid,  for  when  the  aceUtc 
was  offered  with  the  tartrate  (an  especially  good  nutrient)  the  acetate  wm 
utilized  more  rapidly.  The  election  then  was  not  merely  a  matter  of  rela- 
tive food  value. 

Pfeffer*^  foimd  that  under  certain  conditions  the  use  of  glycerin  by  fungi 
may  be  protected  by  dextrose  and  even  better  by  peptone,  and  he  showed 
also  that  the  relative  concentration  of  each  had  an  effect  upon  the  election. 

Puriewitsch"  found  with  two  organisms  an  election  with  respect  to  the 
products  of  amygdalin.  With  this  substance  as  the  source  of  carbon  it 
was  first  transformed;  then  the  dextrose  and  lastly  the  benzaldehyde  was 
used.  He  found  further  that  salicin  was  not  transformed  in  the  presence  of 
six  times  its  quantity  of  dextrose,  twelve  times  its  quantity  of  saccharose 
or  fourteen  to  sixteen  times  its  quantity  of  starch. 

Election  of  cane  sugar.  In  order  to  determine  definitely  whether 
or  not  Aspergillus  niger  and  Penicillium  sp.  elect  cane  sugar,  when 
it  is  offered  together  with  gallic  acid,  two  series  of  cultures  were 
made.  Solution  B  was  used,  to  which  was  added  in  the  one  case  the 
gallic  acid  and  10  per  cent  of  cane  sugar,  the  cultures  being  made 
in  Erlenmeyer  flasks  as  before.  In  a  similar  manner  cultures 
were  made  in  which  the  gallic  acid  alone  was  offered  as  the  source 
of  carbon.    Sterilization  and  inoculation  were  made  by  the  usual 

**  Loc,  cit. 

«*E.  DuClaux:  Sur  la  nutrition  intracellulaire,  Ann.  de  Vlnsl.  Poit^^t 
iii,  pp.  97-112,  1889. 

»^  W.  Pfeffer:  Ueber  Election  organischer  Nahrstoffe,  Jahrb.f.  tww.  Bot., 
xxviii,  pp.  205-268,  1895. 

••  Loc.  cit. 
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methods,  and  the  cultures  incubated  at  28°  C.    The  results  ol^- 
tained  are  included  in  table  IX. 


TABLE  IX. 


OBQANISM 


DUBATION 

iayt 


OALUC  ACID 
IN  CDLTDBS  • 
SOLUTION 

gramt 


OALLIO  ACID 
U8BD 

grams 


DBT  WBIGHT 
OP  rUNQUS 

grams 


Series  I.    Solution  B  -\-  10  per  cent  sugar  -f-  gallic  acid. 


Olieck 

A^spergillus  niger. 
T^erncillium sp.. . 
Aspergillus  niger. 
F^enicillium  sp... 


7 

7 

10 

10 


2.837 
2.837 
2.837 
2.837 
2.837 


none 
none 
none 
none 


0.3491 
0.1109 
0.4589 
0.3676 


Series  II.    Solution  B  -\-  gallic  acid. 


Check 

Aspergillus  niger. 

'F^enicillium  sp.. . 

Aspergillus  niger. 

Penicillium  sp... 


7 

7 

10 

10 


2.837 
2.429 
2.837 
1.474 
2.557 


0.337 

not  detected 

1.363 

0.280 


0.1000 
0.010 
0.3434 
0.108 


A  glance  at  the  table  reveals  the  fact  that  both  Penicillium  sp. 
and  Aspergillus  niger  elect  cane  sugar  and  leave  behind  in  the  culture 
solution  the  gallic  acid.  Cane  sugar  is  therefore  proven  conclu- 
sively to  protect  the  gallic  acid.  It  is  of  interest  to  note  that  the 
addition  of  the  sugar  permits  of  a  more  rapid  and  more  extensive 
growth  during  the  ten-day  period. 

VIII.      INFLUENCE   OF  AERATION. 

Limiting  supply  of  oxygen.  VanTieghem^*  stated  that  under 
aerobic  conditions  the  tannic  acid  was  utilized  directly,  and  that 
the  small  amount  of  galUc  acid  formed  was  also  assimilated.  The 
preceding  experiments  and  others  of  the  writer,  not  here  men- 
tioned, show  that  transformation  of  the  tannic  acid  occurs  even 
when  all  the  growth  is  on  the  surface.  However,  if  sugar  is  not 
offered  with  the  tannic  acid,  the  increased  growth  may,  as  shown, 
be  at  the  expense  of  the  gallic  acid  formed.    If  the  tannic  acid  is 
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offered  as  the  only  source  of  carbon,  the  yield  of  gallic  acid  i^ 
obviously  dependent  upon  the  amount  of  growth.    Van  Tkf- 
hem*®  found  that  0.022  gram's  weight  of  mycelium  transfonned 
48.3  grams  of  tannic  acid  in  ten  days  at  35^.    The  growth  is 
greatly  diminished  by*  the  absence  of  oxygen,  consequently  the 
oxygen  supply  is  a  factor  influencing  the  yield  of  gallic  acid.    In 
order  to  compare  the  yield  imder  aerobic  and  anaerobic  conditions, 
another  experiment  was  performed.    Solution  B  was  used,  to 
which  was  added  tannic  acid.    Into  each  of  six  Erlenmeyers  oi 
150  cc.  capacity  were  placed  50  cc.  of  the  solution.    Four  of  the 
flasks  were  plugged  with  cotton-,  while  the  other  two  were  fitted 
with  perforated  rubber  stoppers.    After  sterilization  the  perfora- 
tions were  plugged  with  pieces  of  glass  rod  and  these,  together  with 
two  of  the  flasks  plugged  with  cotton,  were  inoculated  with  Asper- 
giUus  niger.    The  flasks  fitted  with  the  rubber  stoppers  contained 
approximately  100  cc.  of  air  and  therefore  about  20  cc.  of  oxygen. 
The  cultures  were  incubated  at  31°  and  at  the  end  of  twenty-dght 
days  and  forty  days  analyses  were  made.    The  results  follow  in' 
table  X. 

TABLE  X. 


CULTUBE  SOLX7TION 


Anaerobic 
(limited) 

Aerobic 

Check 


DO  RATION 


TAN  NIC  ACID 

TN  Ct7L.TURB 

SOLUTION 


40 

28 


0 

0 

1.603 


LOSS  OF 
TANNIC  ACID 


grnma 

1.603 
1.603 


^ALUC  ACID  LOSS         I         DBT 

IN  Ctn.TCRK'  OR  GAIN  IN  \  UTtWMT  OT 
I  SOLUTION    JOALUC  AClDi     FCSOri 

granu 


3.286 
0.898 
2.100 


It  is  at  once  evident  that  the  inhibition  of  growth  due  to  defi- 
ciency of  oxygen  is  favorable  to  a  good  yield  of  gallic  acid.  No 
doubt  if  the  culture  in  limited  oxygen  supply  had  been  analysed 
sooner  a  greater  yield  of  gallic  acid  could  have  been  obtained. 
With  respect  to  the  condition  in  aerobic  cultures  it  may  be  stated 
that  cultures,  identical  with  those  above,  showed  on  the  fourth  day 
a  gain  of  0.484  gram  of  gallic  acid,  though  only  half  of  the  tannic 
acid  had  been  transformed,  and  the  weight  of  the  mycelium  pro- 
duced was  0.0314  gram. 

Comparison  of  methods.  In  order  to  determine  more  definitely 
the  yield  of  the  gallic  acid  under  conditions  in  which  the  supply  of 
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oxygen  varied,  as  well  as  to  compare  the  yields  under  these  condi- 
tions with  that  obtained  when  the  most  favorable  conditions  were 
offered,  as  by  the  addition  of  sugar,  the  following  experiment  was 
made: 

Series  I.    Solution  B  +  tannic  acid,  flask  plugged  with  cotton  and  aero- 
bic conditions  maintained. 

Series  II.    Solution  B  +  tannic  acid  +  10  per  cent  cane  sugar,  otherwise 
like  the  above. 

Series  III.    Solution  B  +  tannic  acid,  flasks  stoppered  with  rubber 
stoppers  and  containing  therefore  only  75  cc.  of  air  or  approximately  15  cc. 
of  oxygen. 

Series  IV.  Solution  6.  +  tannic  acid,  flasks  stoppered  with  perforated 
rubber  stoppers,  fitted  with  glass  and  rubber  tubing  and  clamps.  The  air 
was  replaced  by  passing  a  stream  of  nitrogen  (oxygen-free  air)  through 
the  flasks  for  a  period  of  five  minutes  after  inoculation  had  been  made. 

All  the  inoculations  were  made  with  spores  of  Aspergillus  niger,  according 
to  the  metho^i  described  by  Hasselbring.^  The  temperature  of  incubation 
varied  from  30**-35**.  Erlenmeyer  flasks  of  125  cc.  capacity  were  employed. 
The  results  obtained  are  included  in  table  XI. 

TABLE  XI. 
Aspergillus  niger.    Duration^  ten  days. 


8BRUB 

ATMOSPHSRB  OP 
GBOWTB  CHAMBBB 

TANNIC  ACID 

JN  CULTURE 

SOLUTION 

LOBBOF 
TANNIC  ACID 

grama 

GALLIC  ACID 

IN  CULTURB 

SOLUTION 

GAIN  IN 
GALLIC  ACID 

grama 

DRY 
WRIGHT  or 

FUNGUS 

grama 

grama 

gram 

Check 

4.433 

3.089 

I 

Unlimited  air 

supply 

0.409 

4.024 

5.618 

2.529 

0.3166 

II 

Unlimited  air 

supply 

0.683 

3.760 

6.515 

3.426 

0.3341 

III 

75  cc.  air 

1.023 

3.410 

6.151 

3.062 

0.0114 

IV 

Nitrogen 

1.707 

2.726 

5.420 

2.331 

0.0013 

In  comparing  the  rate  of  tannic  acid  transformation  under  the 
diflferent  conditions  it  is  found  that  in  the  order  of  rapidity  of 
transformation  they  are  series  I  to  series  IV.  The  yield  of  gallic 
acid  was  greatest  in  series  II,  the  addition  of  cane  sugar  in  this 
case  protecting  the  gallic  acid;  somewhat  less  in  series  III;  still 
less  in  series  I,  where  the  mycelium  was  abundant,  despite  the 
fact  that  it  led  in  the  amount  of  tannic  acid  transformed;  and  last 
in  series  IV.    It  is  noteworthy  that  the  amount  of  mycelium  pro- 
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duced  in  this  last  was  only  1.3  mgm.,  yet  sufficient  of  the  enzyme 
was  liberated  to  transform  a  quantity  of  tannic  acid  more  ttum 
2000  times  the  weight  of  the  mycelium  produced. 

From  an  economic  standpoint  the  method  of  series  I  is  wasteful 
of  gallic  acid,  as  the  organism  utilizes  much  of  this  substance  in  its 
metabolism.  Series  II  has  an  advantage  over  series  III,  and  soies 
III  over  series  IV,  only  in  the  rapidity  of  the  transformation. 
The  small  amounts  of  growth  in  series  III  and  IV  require  such  a 
slight  amount  of  gallic  acid  in  their  metabolism  that  the  yield  of 
gallic  acid  in  those  series  would  finally  be  practically  equal  to 
that  obtained  in  series  II,  to  the  cultures  of  which  sugar  had  beoi 
added.  This  fact  is  borne  out  by  the  larger  amounts  of  tannic  add 
left  in  the  culture  solutions  of  series  II  and  series  III. 

IX.   SUMMARY. 

1.  Tannic  acid  is  toxic  to  a  large  number  of  fungi  at  relatively 
low  concentrations. 

2.  Aspergillus  niger  is  a  more  vigorous  fermentative  organism 
than  Penicillium  sp. 

3.  The  fermentation  was  found  to  be  more  rapid  in  the  gall 
nut  infusion  than  in  the  synthetic  solution  in  which  tannic  acid 
was  the  only  source  of  carbon.  The  presence  of  other  organic 
compounds  in  the  gall  nut  infusion  protected  to  a  certain  extent 
the  gallic  acid. 

4.  The  addition  of  5  per  cent  sugar  did  not  protect  the  gallic 
acid  but  simply  increased  the  growth.  The  addition  of  10  per 
cent  sugar  protected  the  gallic  acid  entirely. 

5.  When  gallic  acid  and  cane  sugar  to  the  extent  of  5.5  per  cent 
and  10  per  cent,  respectively,  were  offered  together,  the  cane  sugar 
was  elected  and  the  gallic  acid  left  in  the  culture  solution. 

6.  Fermentation  can  take  place  under  anaerobic  conditions,  and 
1  mgm.  of  mycelium  is  sufficient  to  effect  the  transformation  of 
2.706  grams  of  tannic  acid  in  ten  days. 

7.  In  an  approximately  15  per  cent  solution  of  tannic  acid, 
fermentation  was  most  rapid  when  the  tannic  acid  alone  served  as 
the  source  of  carbon,  and  when  aerobic  conditions  were  main- 
tained, yet  the  method  of  fermentation  is  wasteful  from  the  stand- 
point of  an  economical  yield  of  gallic  acid. 
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8.  The  economical  methods  are  (a)  those  in  which  growth  occurs 
under  aerobic  conditions  and  the  tannic  acid  is  supplemented  by 
cane  sugar;  or  (b)  those  in  which,  with  tannic  acid  alone,  the  sup- 
ply of  oxygen  is  limited  to  a  small  amount. 

9.  The  presence  of  10  per  cent  cane  sugar  does  not  inhibit  the 
secretion  of  the  enzyme  tannase  by  Aspergillus  nigerj  but  it  does 
seem  to  inhibit  to  some  extent  the  secretion  of  the  tannase  by  Peni-- 
ciUizcm  sp, 

10.  The  enzyme  is  secreted  into  the  culture  solution  by  sub- 
mersed mycelium  as  well  as  by  surface  growth.  There  is  no  evi- 
dence that  tannic  acid  is  used  directly;  but  the  evidence  seems  to 
indicate  that  tannic  acid  is  first  transformed  into  gallic  acid  and  the 
gallic  acid  then  utilized. 

APPENDIX. 

Investigators  previously  occupied  with  tannic  acid  fermentation  usually 
employed  Aspergillits  niger  together  with  a  species  of  Penicillium  which  they 
have  designated  Penicillium  glaucum.  As  has  been  pointed  out  by  Thorn** 
the  name  Penicillium  glaucum  has  in  the  past  been  applied  to  so  many  differ- 
ent species  that  the  only  idea  conveyed  by  its  use  is  a  general  concept  of  the 
genus.  VanTieghem*'  applied  the  name  to  denote  the  species  of  Penicillium 
which  he  isolated  from  gall  nuts,  and  it  is  probable  that  other  students  of 
tannic  acid  fermentation  used  the  same  organism. 

In  the  work  of  the  writer  a  trial  of  a  number  of  organisms  was  made  and 
the  Penicillium  employed  was  secured  from  a  culture  labeled  Penicillium 
olivaceum.  That  identification  was  incorrect,  and  then  it  was  believed  that 
the  organism  might  be  the  one  which  develops  on  the  gall  nuts,  bat  this  also 
proved  erroneous,  as  is  indicated  subsequently. 

In  attempting  to  determine  the  Penicillium  sp.  used  in  these  experiments 
it  was  found  that  the  organism  did  not  correspond  to  any  of  the  species  des- 
cribed by  Thom.**  Instead,  however,  of  withholding  publication  of  these 
investigations  until  the  organism  should  be  definitely  determined,  it  was 
thought  best  to  present  here  a  brief  description  and  certain  cultural  charac- 
teristics of  the  organism.  It  is,  furthermore,  the  intention  of  the  writer  to 
make  a  study  of  the  relation  of  the  various  species  of  Penicillium  to  tannic 
acid  fermaitation,  and  it  is  hoped  by  that  time  to  have  determined  definitely 
the  two  species  of  Penicillium  which  are  now  known  to  develop  in  a  10  per 
cent  solution  of  tannic  acid. 

The  Penicillium  sp.  used  in  these  experiments  possesses  only  a  single 
whorl  of  unbranohed  conidia-bearing  cells  (sterigmata),  and  might  therefore 

« Charles  Thom:  Cultural  Studies  of  Penicillium, Bureau  of  Animal 
Industry,  Bulletin  118,  pp.  107, 1910. 
**  Loc.  cit, 
**  hoc.  cit 
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be  grouped  with  the  genus  Cilrofnyces  as  founded  by  Wehmer;  but  Tboni* 
does  not  consider  this  a  valid  basis  for  differentiation  oi  generm,  and 
prefers  to  include  this  form  of  conidiophore  under  the  genus  PtmdlHum. 
This  latter  concept  is  here  followed. 

Description  of  organism.    Colonies  on  15  per  cent  gelatin  are,  when  young, 
of  a  faint  green  color  which  changes  to  an  otter  brown.    On  15  per  cent  geU^ 
tin  +  3  per  cent  sugar  the  olive  green  changes  to  ashy  gray  and  tl^ji  to 
greenish  black.    On  bean  agar  the  color  is  at  first  bluish  green,  and  change* 
to  dark  olive  green,  and  finally  to  a  grayish  color.    The  surface  is  yelvcty. 
The  conidiophores  arise  vertically  from  the  substratum  and  in  length  vary 
from  100/1  to  700^.    The  fructification  averages  90ft  in  length  (it  may  be2(XW)f 
and  its  width  is  approximately  15ft.    The  conidiiferous  cells  average  10^ 
in  length,  the  conidia  are  spherical,  and  ^  in  diameter.    A  single  whorl  ci 
simple  conidia-bcaring  cells  only  is  present  as  is  represented  by  figures  I 
and  2. 


Fig  1.  Fig  2. 

Conidial  fructification  showing  simple  conidiferous  cells  (X600). 

Cultural  character.  At  room  temperature  15  per  cent  gelatin  is  liquified 
in  six  days  with  the  production  of  a  strong  ammoniacal  odor;  in  the  pret- 
ence of  3  per  cent  sugar  the  total  liquefaction  is  retarded  a  day  or  more. 
The  presence  of  bean  juice  still  longer  delays  the  liquefaction  of  the  gelatin. 
On  15  per  cent  gelatin  +  3  per  cent  sugar,  the  lower  surface  is  colored  yellow- 
ish to  reddish  brown,  when  grown  in  solution  B  -{-  10  per  cent  cane  sugar  the 
lower  surface  of  the  mycelial  felt  may  be  of  a  salmon  color.  Fruiting  on  such 
a  solution  at  room  temperature  usually  requires  eight  days.  This  organism 
possesses  the  ability  to  ferment  tannic  acid  and  with  10  per  cent  tannic 
acid  in  solution  B  at  a  temperature  of  30*^0. ,  gallic  acid  may  be  precipitated  in 
about  seven  days.  • 

Gall  nut  Penicillium.  Only  one  other  species  of  Penicillium  has  so  far 
been  found  to  grow  on  10  per  cent  tannic  acid,  and  this  is  the  one  isolated 
from  the  gall  nuts.  It  grows  more  slowly  in  10  per  cent  tannic  acid.  In  the 
presence  of  sugar  it  produces  an  intensely  red  color  in  the  substratum  and  is 
a  slow  liqueficr  of  gelatin.  It  differs  from  the  other  also  in  possessing  more 
than  one  whorl  of  conidiiferous  cells,  and  has  other  distinguishing  features. 
It  appears  to  be  Penicillium  rugulosum. 

**  Loc.  cil. 
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I.      PREFACE. 

In  an  investigation  upon  tannic  acid  fermentation  reported  in 
the  previous  paper,  it  was  found  that  when  cane  sugar  and  tannic 
acid  are  offered  simultaneously  to  either  AspergiUits  niger  or 
PeniciUium  sp,,  the  sugar  is  utilized  as  the  source  of  carbon  while 
the  tannic  acid  is  fermented,  gallic  acid  resulting.  Some  of  the 
results  indicated  that  the  rate  of  fermentation  was  influenced  by 
the  concentration  of  the  sugar. .  It  was  deemed  important,  there- 
fore, to  determine  if  varying  the  relative  amounts  of  tannic  acid 
and  sugar  in  the  nutrient  solution  has  an  influence  upon  the  amount 
of  the  enzyme  tannase  produced  in  the  fimgus  thus  grown.  Since 
tannic  acid  is  probably  not  commonly  utilized  in  natiwe  by 
AspergiUits  niger  and  PeniciUium  sp.  as  a  soiu*ce  of  carbon,  experi- 
ments were  also  made  to  determine  if  the  enzyme  is  produced  when 
the  fungus  is  cultivated  on  nutrient  solution  lacking  tannic  acid. 

The  writer  wishes  to  acknowledge  his  indebtedness  to  Prof.  B.  M. 
Duggar  for  assistance  received  during  the  course  of  the  investiga- 
tion. 

II.      INTRODUCTION. 

Regtdatory  production  of  enzymes.  Historical.  A  number  of  investiga- 
tions have  been  made  on  the  regulatory  formation  of  the  enzymes,  but  for 
th.e  most  part  conclusive  investigations  are  lacking.  Experimenting  with 
two  species  of  bacillus,  Brunton  and  MacFayden*  found  that  when  culti- 

*T.  Lauder  Brunton  and  A.  MacFayden:  The  Ferment  Action  of  Bac- 
teria, Proc.  Roy.  Soc.,  xlvi,  B,  pp.  543-553,  1899. 
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vated  on  starch  paste  these  developed  the  enzyme  diastase;  but  if  ihg 
starch  were  replaced  by  meat  extract  no  diastase  was  formed.  Fermi'  found 
that  of  ten  bacterial  organisms,  which  developed  the  tryptic  ferment  in  iht 
presence  of  peptones  or  albumen,  none  developed  the  enzyme  on  a  sugv- 
containing  nutrient  solution.  Wortman's'  observations  established  tbe 
fact  that  the  addition  of  tartaric  acid  prevented  the  formation  of  diastwe 
in  bacteria  which  inhabited  deca3ring  potatoes.  Fermi  and  XfonteaanoV 
investigations  indicated  that  the  presence  of  sugar  is  not  absolutely  neces- 
sary for  the  formation  of  the  enzyme  invertase.  Various  other  investi- 
gators have  studied  the  influence  of  nutrition  on  the  formation  of  enxymei 
in  bacteria. 

Dubourg*  stated  that  a  yeast  which  did  not  normally  possess  the  invert- 
ing enzyme  was  capable  of  developing  it  by  proper  cultivation.  Aj  a  «rf- 
ture  solution  in  the  latter  case,  yeast  water  was  used,  to  which  was  added  5 
per  cent  cane  sugar  and  5  per  cent  grape  sugar.  The  yeast,  after  cultivation, 
was  thoroughly  washed  and  then  transferred  to  a  cane  sugar  solution. 
In  the  latter  inversion  occurred.  The  form  of  yeast  was  not  an  identified 
strain.  He  reported  that  he  was  also  able  to  develop  the  enzyme  wWch 
fermented  galactose  by  similar  methods. 

Klocker,*  emplo5dng  the  methods  of  Dubourg,  was  unable  to  derefep 
invertase  in  Saccharomyces  apicvlatus  or  maltase  in  Saccharomyce^  marsi- 
anus  which  organisms  do  not  normally  possess  these  enz3rmes.  The  ability 
to  form  specific  enzymes,  according  to  Kldcker,  is  therefore  a  constant  char- 
acter of  the  yeast  organism. 

Recently  Harden  and  Norris^  "have  trained"  the  yeast  Saccharomyoi 
Carlsberg  I  to  ferment  galactose  by  cultivating  the  yeast  on  hydrolyied  b«- 
tose  in  yeast  water  to  which  was  added  0.15  per  cent  of  monobasic  potaasiuni 
phosphate.  Normally  galactose  is  not  fermentable  by  the  above  men- 
tioned yeast.  According  to  Kohl*  the  chemical  nature  of  the  solution  and 
the  aeration  of  the  culture  influence  the  amount  or  activity  of  the  eniyme 
formed  in  the  yeast  organism,  while  the  temperature  of  storage  of  the  ycart 
also  markedly  affects  the  enzyme  content. 


2  Claudio  Fermi :  Weitere  Untersuchungen  uber  tryptischen  Enjynie 
der  Mikroorganismen,  CentrcdbLf.  Bad.,  x,  pp.  401-408, 1891. 

'J.  Wortman:  Untersuchungen  (iber  das  diastatische  Ferment  der  Bac- 
terien,  Zeilschr,  f,  physioL  Chem.,  vi,  p.  287, 1882. 

*  C.  Fermi  and  C.  Montesano:  Die  von  den  Mikroben  bedingte  Inver- 
sion des  Rohrzuckers,  Centralbl.  /.  BacL^  i,  Abt.  II,  pp.  482-87, 542-56. 

*  E.  Dubourg:  De  la  fermentation  des  saccharides,  Compt.  rend,  dt  VAcod. 
des  Sd.,  cxxviii,  pp.  440-42. 

•Alb.  Kldcker:  Ist  die  Enzymebildung  bei  der '  Alcoholgfirungspil***^ 
ein  verwertbares  Artmerkmal?,  Centralbl.  f.  BacL,  vi,  Abt.  II,  PP-  2^' 
45,  1900. 

'  A.  Harden  and  R.  V.  Norris:  The  Fermentation  of  Galactose  by  Yctft 
and  Yeast  Juice,  Proc.  Roy.  Soc,  Ixxxii,  B,  pp.  645-49,  1910. 

«  F.  G.  Kohl:  Die  Hefpilze,  1908,  pp.  79-81. 
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Btisgen*  showed  that  Aspergillus  oryzae  on  bouillon,  as  well  as  in  a  sugar- 
containing  solution,  formed  the  enzyme  diastase.    According  to  Pfefifer,^^ 
PeniciUirtm  glaucum  did  not  secrete  diastase  in  the  presence  of  10  per  cent 
sugar  and,  even  when  only  1.5  per  cent  sugar  was  present,  the  starch  was  only 
Bligjtitly  attacked.    Aspergillus  niger  behaved  differently,  producing  dias- 
tase even  in  the  presence  of  30  per  cent  cane  sugar.    Employing  a  nutrient 
solution  containing  0.25  per  cent  of  soluble  starch  Katz*^  found  that  starch 
was  saccharified  by  Penicillium  glaucum.    The  addition  of  2  per  cent  grape 
sugso*  or  1 .5  per  cent  cane  sugar  prevented  the  formation  of  the  diastase.    An 
addition  of  1.5  per  cent  cane  sugar  depressed  the  formation  of  the  diastase, 
while  an  addition  of  0.05  per  cent  had  no  effect.    Lactose  and  maltose  in  a 
3  per  cent  concentration  decreased  the  rate  of  starch  transformation,  while 
a  10  per  cent  concentration  still  further  depressed  the  formation  of  diastase. 
A  4  per  cent  addition  of  erythrodextrin  had  no.effect  whatsoever  in  protect- 
ing the  starch.    Neither  did  a  10  per  cent  addition  of  quinic  acid,  4  per  cent 
glycerin  or  2  per  cent  potassium  tartrate  have  any  effect  upon  the  secre- 
tion of  the  diastase.    The  addition  of  peptone  to  the  solution  increased  the 
secretion  of  the  diastase.    With  Aspergillus  niger  the  growth  on  starch 
nutrient  solution  was  slow,  and  five  days  were  required  for  the  transforma- 
tion of  the  starch.    The  addition  of  1.5  per  cent  cane  sugar  decreased  the 
time  to  two  da>3, 15  per  cent  sugar  increased  the  time  of  transformation  by 
one  day  and  30  per  cent  sugar  increased  the  time  by  two  days.    Bacterium 
megatherium  behaved  much  the  same  as  Penicillium  glaucum. 

Dox"  has  shown  that  the  carbohydrate-splitting  gnzymes,  amylase, 
inulase,  raffinase,  sucrase,  maltase  and  lactase  are  formed  in  Penicillium 
camemberiif  regardless  of  the  carbohydrate  which  has  served  as  the  source 
of  carbon  in  the  nutrient  solution.  The  amount  of  the  particular  enzyme 
could  be  increased,  however,  by  cultivating  the  organism  on  the  correspond- 
ing carbohydrate.  Likewise,  other  enzymes  are  formed  independently  of 
the  presence  in  the  nutrient  solution  of  the  corresponding  substance  on 
which  the  enzyme  acts. 

According  to  Went,"  the  ten  enzymes  which  he  investigated  in  Monillia 
sitophila  could  be  divided  into  three  groups  according  to  the  influence  of 
outritioh  on  their  formation.  The  first  group  includes  those  which  are 
formed  in  slight  amounts  regardless  of  the  nutrition,  the  second  group  in- 


•M.  Biisgen:  Aspergillus  oryzae,  Ber.  d.  deuisch.  hot.  Gesellsch.,  iii,  pp. 
6^77,  1885. 

"  Quoted  from  R.  Green :  The  Soluble  Ferments  and  Fermentation,  p.  32. 

"  J.  Katz :  Die  regulatorische  Bildung  von  Diastase  durch  Pilze,  Jahrb. 
f.  wiss.  Bat.,  xxxi,  pp.  599-618,  1898. 

"A.  W.  Dox:  The  intracellular  Enzymes  of  Penicillium  and  Aspergillus, 
U.  S.  Dept.  of  Agric,  Bureau  of  Animal  Industry,  Bulletin  120,  70  pp., 
1910. 

"F.  C.  Went:  Ueber  den  Einfluss  der  Nahrung  auf  die  Enzymbildung 
durch  Monillia  Sitophila  (Mont.),  Sacc,  Jahrb.  /.  wiss.  Boi.,  xxxvi,  pp. 
611-664,  1901. 
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eludes  the  enzymes  which  are  formed  only  under  several  differeDt  fonofi  of 
nutrition,  while  the  third  group  includes  such  enzymes  as  are  formed  (Htly 
when  the  substance  on  which  the  enz3rme  acts  is  present  in  the  culture  solu- 
tion. 

Butkewitsch'^  also  has  shown  that  nutrition  has  an  influence  upon  the 
secretion  of  the  gelatin-dissolving  enzjrme  by  Aspergillus  and  PenidUivm. 

III.      METHODS  OF  EXPERIMENTATION. 

In  all  of  the  experiments  upon  the  influence  of  nutrition  on  the 
production  of  the  enzyme  the  organisms  were  cultivated  in  a  syn- 
thetic nutrient  solution,  the  inorganic  composition  being  that  of 
Czapek's^*  formula.  Throughout  this  paper  the  solution  has  been 
desip^ated  for  convenience  solution  B  and  is  as  follows: 

Magnesium  sulphate  (cryst.) 0.5  gram 

Dibasic  potassium  phosphate 1.0  gram 

Potassium  chloride 0.5  gram 

Sodium  nitrate 2.0  grams 

Distilled  water 1000  cc. 

All  cultures  were  grown  at  a  temperature  of  28®  or  30^.  The 
fungus  felt,  when  formed  and  before  spore  production,  was  removed 
from  the  nutrient  solution,  as  it  has  been  shown  by  Malfitano" 
that  the  most  abimdant  secretion  of  enzymes  into  the  culture  sdu- 
tion  takes  place  just  after  spore  formation.  The  felt  after  removal 
was  treated  according  to  Albert  and  Buchner's  method  for  the  pre- 
paration of  *'Acetondauerhefe/'  as  described  by  Dox,^'  though  in 
the  method  here  employed  the  felt  was  not  run  through  a  bashing 
machine.  After  the  mycelium  was  dry,  it  was  pulveriied  in  a 
mortar  and  then  placed  in  a  vial  until  its  enzymatic  activity  was 
to  be  determined. 

For  determining  the  presence  of  the  enzyme  or  the  relative 

"  W.  Butkewitsch:  Umwandlung  der  Eiweisstoflfe  durch  die  niederen 
Pilze  im  Zusammenhange  mit  einer  Bedingungen  ihrer  Entwickelung, 
Jahrb.f.  wiss.  Bol.j  xxxviii,  pp.  147-240,  1903. 

''  Quoted  from  A.  W.  Dox:  The  Intracellular  Enxymes  of  Penicillittm 
and  Aspergillus,  U.  S.  Dept.  of  Agric.,  Bureau  of  Animal  Industry,  Bulletin 
120,  70  pp.  ,1910. 

^*(i.  Malfitano:  La  proteolyse  chez  TAspergillus  niger,  Ann,  de.rinti- 
Pasteur,  xiv,  pp.  60-81, 1900. 

'^  A.  VV.  Dox:  The  Intracellular  Enzymes  of  Penicillium  and  Aspergillus, 
loc.  cii. 
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amount  of  it  present,  the  procedure  was  as  follows:  Either  a  0.5 
per  cent,  a  0.75  per  cent  or  a  1.0  per  cent  solution  of  tannic  acid 
was  employed.    To  the  flasks  containing  the  solution  were  then 
added  equal  weights  of  the  pulverized  mycelium,  the  enzymatic 
activity  of  which  was  to  be  determined.    There  was  also  added, 
as  an  antiseptic,  2  per  cent  toluene.    The  flasks  containing  the 
solution  and  mycelium  powder,  being  tightly  stoppered,  were  then 
incubated  for  a  definite  period  and  then  the  solution  analyzed  for 
gallic  acid  according  to  Jean's^^  method.    The  relative  increase 
in  the  gallic  acid  is  taken  as  a  measure  of  the  amount  of  tannase  pres- 
ent. 

IV.   INFLUENCE  OF  CONCENTRATION  OF  SUGAR  AND  TANNIC  ACID 

ON  PRODUCTION  OF  TANNASE. 

f 

Influence  of  concentration  of  tannic  acid  on  the  amount  of  enzyme 
produced.    It  was  found  in  certain  experiments,*^  in  which  10 
per  cent  sugar  plus  tannic  acid  had  been  added  to  the  nutrient 
solution,  that  the  addition  of  sugar  could  not  prevent  the  secre- 
tion of  the  enzyme  tannase  by  Aspergillus  niger,  but  the  secretion 
by  Penicillium  sp.  was  markedly  decreased.    In  order  to  deter- 
mine the  minimum  concentration  of  tannic  acid  which  would 
stimulate  the  formation  of  the  etizyme  tannase  and  also  what 
influence  the  concentration  of  tannic  acid  would  have  upon  the 
amount  of  tannase  produced  within  the  organism,  the  following 
experiment  was  made:  Solution  B  was  used,  to  which  was  added 
10  per  cent  cane  sugar.    Liter  flasks  were  employed,  and 'to  each 
were  added  500  cc.  of  the  solution.    The  flasks  were  plugged  and 
sterilized,  and  when  cool  the  tannic  acid  was  added  to  each  in  vary- 
ing amounts,  as  is  indicated  in  the  table.    For  inoculation  the 
method  described  by  Hasselbring*®  was  employed,  though  1  cc. 
of  the  spore-containing  water  was  used  instead  of  a  single  drop. 
These  cultures  were  incubated  at  28®C.,  aiyi  the  felt  was  then 
removed  and  treated  according  to  the  method  described.    In 
determining  the  enz5anatic  activity  of  the  mycelium  powder  0.3 

>"  F.  Jean:  Die  Bestimmung  des  Tannins  und  der  Gallussaure,  C?iem. 
CenlraXbL,  1900,  pp.  1107-08. 

*•  L.  Knudson:  Tannic  acid  Fermentation  I,  this  Journaly  xiv,  p.  159, 1913. 

*»H.  H.  Hasselbring:  Carbon  Assimilation  of  Penicillium,  Boi,  Gazette, 
xlv,  pp.  176-193, 1908. 
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gram  of  the  dried  powder  was  added  to  a  flask  containing  the  tan- 
nic acid  solution.  Each  flask  contained  75  cc.  of  an  approximately 
0.9  per  cent  solution  to  which  was  added,  as  an  antiseptic,  1  cc 
of  toluene.  The  results  after  one  week's  incubation  at  34®  are 
given  in  table  I.  The  solution  contained  at  the  b^inning  of  incu- 
bation 0.555  gram  tannic  acid  and  0.327  gram  gallic  acid. 

TABLE  I. 

Effect  of  concentration  of  tannic  acid  on  production  of  emyme  tannase;  using 
ntUrient  solvUion  B  -}•  10  per  cent  sugar  +  tannic  acid.  Period  of  incvba^ 
tion,  7  days* 


AUOUNTOF 

GAIN 

AMOUNT  OF  1         OADf 

i                                             Wnnicacfdj  INOAIXK 

TANNIC  ACID 

IN  GALLIC 

'       ADDED 

t 

per  cent 

ACID 

gram 

1 

1 
i 

'       ADDED                ACm 

1    percent           frca 

0.00 

0 

1 

1 

,   0  01        0 

0.01 

0 

i 
I 

0.10    i    0  058 

0.10 

0.059 

I 

1      0  40 

00  5 

Aspergillus 

• 

;    o.8to 

1.00 

0.223 
0.2^2 

Penicillium  sp.  < 

1      0.80 
1      1.00 

0.065 
O.IOS 

ntger < 

1      2.00 

0.388 

1      2.00 

0  159 

1      4.00 

0.515 

1      4.00 

0203 

10.00 

0.515 

n.ooj 

0.525 
No  sugar 

1 
1 

1 

*  The  actual  conoeDtrailon  of  each  culture  was  approximately  only  two-thirds  of  the  fifoni 
Clven,  the  other  one-third  oonaisting  of  galUo  acid. 

It  is  evident  from  the  preceding  table  that  there  is  a  r^iilatxuy 
formation  of  the  enz3ane.  There  is  a  progressive  increase  in  the 
amount  of  tannase  with  increase  of  tannic  acid  in  the  culture  solu- 
tion. It  is  noteworthy  that  no  tannase  was  produced  when  growtJi 
took  place  in  a  nutrient  solution  which  lacked  tannic  acid.  Iti? 
somewhat  remarkable  that  the  formation  of  enzyme  could  be 
stimulated  by  0.1  per  cent  of  tannic  acid  (actually  about  0.066  per 
cent)  when  there  was  present  at  the  same  time  cane  sugar  in  an 
amount  more  than  one  hundred  times  as  great  as  the  tannic  acid. 
The  stimulation  by  this  small  amount  of  tannic  acid  is  even  more 
surprising  when  previous  experiments^  are  recalled  in  which  tie 
gallic  acid  formed  from  the  tannic  acid  was  protected  by  the  cane 
sugar,  no  determinable  amount  of  the  gallic  acid  being  assimilated. 


2'  L.  Knudson:  loc.  cit. 
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Why  the  mcrease  in  concentration  of  tannic  acid  should  increase 
the  amoiint  of  tannase  is  difficult  to  explain.  The  amount  re- 
moved by  the  organism  from  the  solution  is  imdeterminable  with 
the  present  method  of  analysis. 

Is  the  stimiilation  produced  within  the  cell,  or  is  it  caused  by 
contact  of  the  tannic  acid  with  the  plasma  membrane?  Tannic 
acid  precipitates  albuminous  substances,  and  it  might  be  possible 
that  it  reacts  in  this  manner  with  the  plasma  membrane  and  this 
precipitation  might  be  the  stimulus  for  the  production  of  the  enzy- 
me. This  explanation  would  not,  however,  include  the  stimulation 
to  production  of  the  tannase  by  gallic  acid. 

A  suggestive  explanation  for  the  increase  of  the  tannase  with 
increased  concentration  of  the  tannic  acid  is  afforded  by  the  work 
of  Katz.^    In  his  experiments  Katz  found  that  diastase  could  be 
precipitated  by  tannic  acid  and  rendered  inactive,  though  when 
freed  from  the  tannic  acid  by  washing  with  alcohol  it  becomes 
active.     Bearing  in  mind  this  precipitation  by  tannic  acid  and 
working  on  the  hypothesis  that  if  the  diastase  formed  and  secreted 
into  the  cultiu*e  solution  were  removed  from  solution  more  diastase 
would  be  formed,  he  added  tannic  acid  to  the  culture  solution, 
assimdng  that  in  this  way  there  should  be  an  increase  in  the  quan- 
tity of  the  diastase  formed.    In  his  experiment  Katz  actually 
found  that  the  total  quantity  of  enzyme  formed  (that  secreted 
into  the  nutrient  solution  and  that  present  in  the  fungus)  was 
greater  in  the  culture  which  contained  0.5  per  cent  tannic  acid 
than  in  the  control,  the  ratio  of  the  diastatic  activity  being  143  to 
100.    The  results  seem  to  confirm  his  hypothesis,  but  there  are  a 
number  of  factors  which  suggest  another  explanation  of  the  results 
obtained.     In  some  previous  experiments^  of  the  writer  it  is 
noted  that  in  the  presence  of  10  per  cent  sugar  the  tannic  acid  was 
fermented,  and  in  table  I,  here  reported,  it  is  clear  that  even  in 
the  presence  of  only  0.1  per  cent  tannic  acid  the  enzyme  tannase  is 
formed  and  in  all  probability  secreted.     The  tannic  acid  of  the 
culture  solution  would,  therefore,  be  fermented  and  rendered  inac- 
tive as  r^ards  its  capacity  to  precipitate  the  diastase  liberated, 
and  this  condition  doubtless  occurred  in  the  experiment  of  Katz. 

"J.  Katz:  Die  regulatorische  Bildung  von  Diastase  durch  Pilze,  Jahrb, 
/.  wi88.  BoL,  xxxi,  pp.  599-618,  1898. 
^  Loc.  cit, 
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TABLE  III. 

Aspergillus  niger. 

Effect  of  concentrcUion  of  sugar  on  production  of  tannase;  using  soliUion  B  + 
2  per  cent  tannic  acid  -f-  cane  sugar.    Period  of  incubationf  ninely  htntn 


AMOUNT  or  CANE 

1 

1     INCBBASE  or  GALLIC 

AMOUNT  or  CANE 

INCSEABB  OP  GAUIC 

SUGAR  ADDBD 

ACTD 

8UOAB  ARDED 

1                     ACID 

1 

percent 

gram 

percent 

from 

0 

0.224 

+12 

0.166 

+1 

0.206 

+16 

0  134 

+2 

1             0.206 

+24 

0.130 

+8 

1             0.179 

sugar,  the  tannic  acid  being  maintained  at  a  constant  figure,  there 
is  a  decrease  in  the  amount  of  the  enzyme  produced. 

In  order  to  verify  the  above  results  another  experiment  was 
made  along  substantially  the  same  lines  with  Aspergillus  niger. 
To  test  the  tannase  activity  of  the  dry  mycelium  100  cc.  of  a  0.5 
per  cent  tannic  acid  solution  were  used  to  which  was  added  1  per 
cent  toluene.  In  each  case  0.05  gram  of  the  powdered  mycelium 
was  employed.  The  cultures  were  made  in  duplicate  and  the 
determinations  likewise.  One  set  was  incubated  at  24T.  for 
four  days  and  the  second  set  at  the  same  temperature  for  six  days 
before  analyses  were  made  for  gallic  acid.  In  the  foUowing  table 
there  is  given  the  composition  of  the  nutrient  solutions  used  and  the 
increase  in  the  gallic  acid  resulting,  which  increase  of  course  is  a 
measure  of  the  tannase  aptivity  of  the  various  cultures. 

TABLE  IV. 

Aspergillus  niger. 
Effect  of  concentration  of  sugar  on  production  of  tannase;  using  solvim 
B  -{-  $  per  cent  tannic  add  -f  cane  sugar. 


AMOUNT  or 
SUOAB  ADDED 


per  cent 

32 
16 
12 

8 

4 

2 

0.5 

0 


DBT  WEIGHT  Or 

r UNO US 

AVERAGE  OP  2 

gram 

0.168 
0.083 
0.074 
0.101 
0.093 
0.065 
0.074 
0.035 


INCREASE  IN  GAL-       INCRBABB  IN  QAL-   | 

Lie  acid;  I  ucacid:  average  utcmaM 

4  DATS  INCUBATION  I  6  DATS  INCUBATION  i 


gram 

0.179 
0.270 
0.233 
0.270 
0.270 
0.270 
0.303 
0.303 


gram 

0.179 
0  278 
0.270 
0.278 

0.296 
0.332 
0.368 


I 


gram 

0.179 
0.274 
0.251 
0.274 
0.270 
0.283 
0.317 
0.335 


Lewis  Knudson  195 

The  results  confirm  the  evidence  of  the  preceding  experiment, 
though  the  diflferences  due  to  sugar  concentration  are  not  so  marked. 
This  may  have  been  due  to  the  longer  period  of  incubation. 

V.      INFLUENCE   OF  NUTRITION. 

Since  Dox  has  found  in  Penidllium  camemberti  that  the  various 
enzymes  are  produced  irrespective  of  the  nutrition  of  the  fimgus, 
an  experiment  was  made  to  determine  definitely  if  the  enzyme 
tannase  could  be  produced  in  two  Penicillium  species  when  tannic 
acid    is   withheld   from   the   culture   solution.     Penicillium   sp,, 
which  I  have  previously  described,"  and  Penicillium  rugvlosum 
were  employed  in  the  experiment.    They  were  cultivated  in  100 
cc.  of  a  nutrient  solution  which  was  composed  on  the  one  hand  of 
solution  B  +  5  per  cent  sugar  and,  on  the  other,  solution  B  +  5 
per  cent  sugar  +  2  per  cent  tannic  acid.    The  mycelial  felts,  as 
before,  were  removed  just  before  spore  formation,  treated  as  pre- 
viously described  and  pulverized.     For  determining  the  presence 
of  the  enzyme  tannase  100  cc.  of  a  1  per  cent  tannic  acid  solution 
were  used  to  which  was  added  2  per  cent  toluene  as  an  antiseptic 
and  0.1  gram  of  the  pulverized  mycelium.    The  solutions  were 
incubated  for  twenty-eight  days  at  a  temperature  of  33**.    They 
were  then  analyzed  for  increase  in  gallic  acid.     All  cultures  and 
determinations  were  made  in  triplicate.    As  is  evident  from  the 
table  tannase  was  formed  only  in  the  presence  of  tannic  acid. 


TART.K  v. 

ORGANISII 

COMPOSITION  OF  SOLUTION 

QALLIC  ACID 
PBKSBNT 

GAIN 

Penicillium  so 

Solution  B  -h  5  per  cent  sugar 
Solution  B  -f-  5  per  cent  sugar 
Solution  B  4-  5  per  cent  sugar 

-{-  2  per  cent  tannic  acid 
Solution  B  +  5  per  cent  sugar 

-h  2  per  cent  tannic  acid 

0.287 
0.287 

0.822    • 

0.822 
0.287 

0 

Penicillium  rugvlosum. 
Penicillium  sp 

Penicillium  rugulosum. 

Check 

0 

0.535 

0.535 
0 

Experiments  were  next  made  to  determine  the  influence  of 
replacing  the  sugar  by  other  compounds  and  of  adding  to  the 
nutrient  solution  various  reagents.    For  this  experiment  solution 

*^  Loc,  ciL 
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A^  was  used>  and  as  culture  vessels  liter  flasks  were  employed. 
Into  each  flask  were  placed  365  cc.  of  the  solution,  and  to  it  were 
added  the  sugar  and  other  reagent,  or  the  sugar  was  omitted  and 
some  other  carbon  compoimd  substituted  for  it.  The  solutioiis 
were  sterilized,  inoculated  and  incubated  at  a  temperature  of  28T. 
The  felt  was  removed  just  before  spore  production  and  treated  in 
the  manner  previously  described. 

To  determine  the  presence  of  tannase,  0.3  gram  of  the  powdered, 
dried  mycelium  was  introduced  into  100  cc.  of  a  0.75  per  cent  solu- 
tion of  tannic  acid,  to  which  had  been  added  as  an  antiseprtic  2 
cc.  of  chloroform.  After  incubation  at  31®  for  one  week,  the  solu- 
tions were  analyzed  for  gallic  acid.  The  results  obtamed  are  given 
in  table  VI. 

TABLE  VI. 

Penicillium  sp. 


COlIPOStTION  or  NtJTRtKNT  SOLUTION 


Solution  A  -\-  25  grams  cane  sugar 

Solution  A  -{-  25  grams  cane  sugar  5  cc.  ^  HCl. 

Solution  A  -h  16  grams  com  starch 

Solution  A  -\-  25  grams  glycerin 

Solution  A  +  25  grams  gallic  acid 

Solution  A  -{-  25  grams  tannic  acid 


GALLIC  ACID 

OAVUC  Acn 

PBUBlfT 

VKnUUBK 

0.202 

0 

0.202 

0 

0.206 

0 

0.202 

0 

0.370 

0-128 

0.713 

0.511 

The  control  contained  0.202  gram  gallic  acid  at  the  beginnin/f 
and  at  the  end  of  the  incubation. 

The  gallic  acid  stimulated  the  formation  of  the  enzyme  only  one- 
fourth  as  much  as  did  the  tannic  acid.  Slight  acidity  had  no 
effect  in  stimulating  the  production  of  the  enzyme.  Glycerin 
and  starch,  both  of  which  are  relatively  poor  food  compounds, 
were  supplied,  and  if  enzymes  are  stimulated  to  formation  by  con- 
ditions approaching  starvation,  as  suggested  by  Wortman,*^  then 
the  tannase  should  have  developed;  but  the  results  were  negative. 

An  experiment  similar  to  that  above  was  made  with  Asper- 
gillm  nigcTy  400  cc.  of  solution  being  used  and  the  methods  of  exper- 
imentation the  same  as  before.  The  results  obtained  are  as  fol- 
lows: 

••  KH.POh.  0.5  gram;  KNO3,  1  gram;  MgSo*,  0.25  gram;  Distilled  wat*r, 
100  cc. 
*^  LfOc.  cit. 


Lewis  Knudson 


197 


TABLE  Vn. 

Aspergillus  niger. 


COMPOSITION  OF  XUTBIBNT  SOLUTIOZV 


Solution  il  -h  25  grams  sugar 

Sulotion  A  +  25  grams  sugar  -f-  5  cc.  iJ-  HCl 

Solution  A  +  25  grams  sugar  +  5    grams     gallic 

acid 

Solution  A  +  25  grams  sugar  +  2  grams  resorcin . 
Solution  A  4-  25  grams  sugar  -|-  1  grams     hydro- 

quinone 

Solution  A  -f-  25  grams  sugar  4-  5  grams  peptone . 
Solution  A  -h  25  grams  sugar  tannic  acid 


OALLIC  ACID 

GALLIC  ACIO 

PBSBBNT 

INCBBABR 

0.209 

0 

0.202 

0 

0.202 

0 

0.190 

0 

0.202' 

0 

0.202 

0 

0.691 

0.489 

From  the  above  table,  it  is  evident  that  in  Aspergillus  niger 
there  is  a  very  marked  regulatory  formation  of  the  enzyme.    Pep- 
tone, which  stimulates  the  secretion  of  diastase,  according  to  Katz^* 
has  no  influence  in  stimulating  the  formation  of  tannase.    Gallic 
acid  of  the  strength  used  had  no  effect,  which  result  is  surprising 
in  view  of  the  results  indicated  in  table  VI  and  of  the  further  fact 
that  Pottevin^'  found  the  enzyme  tannase  to  be  formed  in  Asper- 
gilltLs  niger  when  the  organism  is  cultivated  in  Raulin's  solution 
with  the  sugar  replaced  by  gallic  acid.    Since  pyrogallol  is  a  de- 
comp>osition  product  of  tannic  acid,  it  was  thought  that  perhaps 
it  might  stimulate  the  formation  of  the  enzyme,  but  the  amounts 
used  proved  toxic  in  this  particular  iexperiment.     Resorcin  and 
hydroquinone  were  both  employed  because  of  their  constitutional 
similarity  to  pyrogallol,  both  being  dihydroxybenzenes,  while  the 
pyrogallol  is  a  trihydroxybenzene.    Negative  results,  however, 
were  obtained. 

In  a  similar  manner  experiments  were  made  in  which  10  per  cent 
cane  sugar  plus  various  other  substances  were  added  to  solution  A. 
For  the  experiment  500  cc.  of  the  solution  were  used.  In  deter- 
mining the  presence  of  tannase,  0.2  gram  of  the  powdered  mycelium 
was  added  to  75  cc.  of  a  0.9  per  cent  tannic  acid  solution  to  which 
had  been  added  2  per  cent  toluene  as  an  antiseptic.  The  results 
are  given  in  table  VIII. 

*•  Loc.  cit. 

^*H.  Pottevin:  La  tannase.  Diastase  d6doublant  Tacide  gallotanique, 
Compt.  rend,  de  VAcad.  des  Sci.j  cxxxi,  pp.  1215-17, 1901. 


198 


Nutrition  and  Tannase  Production 


TABLE  Vin. 
Aspergillus  niger. 


COMPOaiTION  OP  NUTBISNT  BOLUTIOIT 


OAUJCACtD 


Solution  B  -\-  10  per  cent  sugar  -f  35mgm  ZnSOi.HtO.  . 

Solution  B  -\- 10  per  cent  sugar  +  20  mgm  salicylic  acid. 

Solution  B  ■{- 10  per  cent  sugar  -f- 1  gram  gallic  acid .... 

Solution  B  -f  10  per  cent  sugar  -f  200  mgm.  methyl  sali-, 
cylate ; 

Solution  B  +  10  per  cent  sugar  +  200  mgm.  ethyl  sali- 
cylate  ' 

Solution  B  -\-  10  per  cent  sugar  -f  50  mgm.  methyl  sali- 
cylate   I 

Solution  B  -f-  10  per  cent  sugar  +  50  mgm.    ethyl   sali-| 
late 


None 
Xonc 
None 

None 

None 

None 

None 


Pottevin'®  states  that  tannase  has  the  property  of  hydrolyang 
methyl  and  ethyl  salicylate.     In  my  cultures  the  methyl  or  ethW 
salicylate  did  not  incite  the  development  of  the  enzyme.    The 
amount  of  salicylate  present,  however,  was  small.     These  conceo- 
trations  may  have  been  too  weak  to  stimulate  the  production  of 
the  enzyme  but  probably  the  hydrolysis  of  these  two  substances  is 
due  to  another  enzyme.    Salicylic  acid  also  was  used  because  of 
its  relation  to  gallic  acid,  salicylic  acid  being  a  monohydroxy- 
benzoic  acid,  while  gallic  acid  is  a  trihydroxybenzoic  acid.    "Hie 
former  was  necessarily  used  art  a  very  low  concentration,  and  was 
without  effect.    The  zinc  sulphate  was  used  at  a  concentration 
which  is  stimulating  to  the  fungus  growth,  as  shown  by  Richards,* 
but  no  formation  of  the  tannase  resulted. 

Since  in  some  of  the  experiments  tannase  was  not  produced 
when  the  organism  was  grown  in  a  solution  with  the  carbon  sup- 
plied as  cane  sugar  and  gallic  acid,  an  experiment  was  made  wiA 
the  carbon  supplied  only  as  gallic  acid.  At  the  same  time  experi- 
ments were  made  to  determine  the  influence  of  certain  glucosides. 
Solution  B  was  used,  and  500  cc.  of  it  placed  in  each  of  three  Bt^ 
flasks.  These  were  plugged  and  sterilization  made  at  115**  for 
ten  minutes.  To  each  of  the  three  flasks  was  added  gallic  acid, 
amygdalin  and   salicin,  respectively,  and   the  culture  solutions 

^^  Loc,  cit, 

'^  H.  M.  Richards:  Die  Beeinfiussung  des  Wachstums  einiger  Pilie  duth 
chemische  Reize,  Jahrh,  /.  wiss,  BoL,  xxx,  pp.  665-88. 


Lewis  Knudson 


199 


then  inoculated.  The  growth  in  gallic  acid  was  rapid,  but  not 
heavy.  In  the  solutions  in  which  the  glucosides  were  present, 
growth  was  at  first  very  slow,  but  after  the  transformation  of  the 
glucosides  had  begun,  growth  was  rapid.  While  it  required  eight 
days  to  develop  the  first  felts  in  the  two  glucoside  solutions,  the 
second  felts  (after  the  removal  of  the  first)  developed  in  two  days. 
The  felts  first  formed  were  removed  and  treated  according  to  the 
methods  previously  described,  and  the  powdered  mycelium  then 
added  to  100  cc.  of  a  0.90  per  cent  solution  of  tannic  acid  which 
contained  also  2  per  cent  of  toluene.  After  incubating  two  days 
at  40°C.,  the  solutions  were  analyzed  for  gallic  acid.  The  composi- 
tion of  the  nutrient  solutions  and  the  gallic  acid  formed  by  the 
powdered  mycelium  are  given  in  table  IX. 


TABLE  IX. 

Aspergillus  niger. 

COMPOSITION  07  NUTBIBNT  SOLUTION 

GALLIC  ACID 
PRB8XNT 

GALLIC  ACID 
INCREASE 

Solution  B  500  cc.  +  10  grams  gallic  acid 

Solution  B  500  cc.  +  10  grams  salicin 

Solution  B  500  cc.  4-    2  grams  amygdalin 

0.546 
0.327 
0.327 

0.219 

0 
0 

The  control  contained  0.327  gram  gallic  acid  and  0.555  gram 
tannic  acid. 

In  preceding  tables  it  has  been  seen  that  gallic  acid  at  certain 
concentration  in  the  presence  of  10  per  cent  sugar  does  not  stimu- 
late the  formation  of  the  enzyme  tannase.  When  gallic  acid  is 
present  alone  as  the  source  of  carbon,  the  enzyme  is  produced. 
If  tannic  acid  is  a  glucoside,  it  might  be  expected  that  the  presence 
of  another  glucoside  would  stimulate  the  production  of  some  tan- 
nase, but  such  was  not  the  case.  Nevertheless,  glucosides  were 
transformed  by  the  organism.  While  the  gallic  acid  stimulates  the 
formation  of  the  enzyme  tannase,  it  does  not  do  so  as  effectively 
as  the  tannic  acid. 


VI.  EFFECT  OF  CONCENTRATION  OF  GALLIC  ACID  ON  PRODUCTION  OF 

TANNASE. 

Since  the  amount  of  tannase  produced  is  regulated  by  the  relative 
concentrations  of  sugar  and  tannic  acid  it  was  deemed  important 
to  determine  if  the  amount  of  the  tannase  produced  could  be  in- 
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creased  by  increasing  the  concentration  of  the  gallic  acid.  In 
the  experiment,  the  results  of  which  are  given  in  table  X,  the  uawal 
methods  were  followed.  Erlenmeyer  flasks  of  250  cc.  capacity 
were  used  and  100  cc.  of  the  nutrient  solution.  For  determining 
the  tannase  activity  of  the  various  cultiu-es  0.06  gram  of  the  dried 
mycelium  was  added  to  50  cc.  of  1  per  cent  tannic  acid  solution 
and  the  solutions  incubated  for  forty-eight  and  eighty  hours  respec- 
tively at  a  temperature  of  30°.  The  culture  solutions  were  tested 
for  their  tannase  content  by  precipitating  any  enzjrme  present  witi 
alcohol  and  collecting  on  a  filter  any  precipitate.  The  test  for  the 
enzyme  was  made  as  before.  Incubation  was  made  at  a  tempera- 
tiu-e  of  30°  for  ninety  hours.  The  results  in  table  X  are  the  avw- 
ages  of  two  cultures. 

TABLE  X. 

AspergtUua  niger. 

Effect  of  concentration  of  gaUic  acid  on  the  production  of  tannase,  Atferoge 
period  of  iru:ubation  for  mycelial  powder  64  hours  and  for  enzyme  excreUd 
90  hours. 


COMPOSITION  or  NUTRIENT 
80LUTION 


WEIOBT  07      I 

PUNGUB.  AV.  of; 

2  CULTUBBB      I 


INCREASE  IN  OAIXIC  ACm 


Mycelium 
Av.  of  2 


^ 


Solution  B  -h  10  peri 
cent  sugar  -f  0.1  per 
cent  gallic  acid ' 

Solution  B  -f  10  per 
cent  sugar  -f  0.5  per 
cent  gallic  acid 

Solution  B  -f  10  per 
cent  sugar  +  1.0  per 
cent  gallic  acid 

Solution  B  -f  10  per 
cent  sugar  4-15  per 
cent  gallic  acid I 


gram 


0.240 


0.442 


0.324 


0.280 


QrQtn 


0 


0.024 


0.045 


0.046 


Enxyme  «t-      Total  tnereaae 
!reted.  At.  of  2   In  gallie  add 


0 


0 


0 


0 


0024 


0.045 


0.046 


An  examination  of  the  above  table  reveals  the  fact  that  the 
enzyme  tannase  is  produced  when  the  concentration  of  gallic  add 
is  0.5  per  cent  in  the  presence  of  10  per  cent  sugar.  At  a  concen- 
tration of  1.0  per  cent  gallic  acid  in  the  presence  of  10  p»  cent 
sugar  the  amount  of  tannase  produced  is  double  that  produced 
when  only  0.5  per  cent  gallic  acid  is  present.     In  the  presence  of 
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10  per  cent  sugar  the  gallic  acid,  so  far  as  my  previous  results'* 
show,  is  not  at  all  absorbed  from  the  nutrient  solution.  Why 
the  increase  in  gallic  acid  should  increase  the  amount  of  tannase 
produced  is  therefore  difficult  to  explain;  The  writer  is  not  pre- 
pared at  present  to  offer  an  explanation. 

VII.   SUMMARY. 

1 .  There  is  a  progressive  increase  .of  tannase  in  the  two  organ- 
isms Aspergillus  niger  and  PenidlUum  sp,  with  increased  concen- 
tration of  tannic  acid  in  Czapek's  solution  containing  10  per  cent 
sugar. 

2.  In  a  full  nutrient  solution  containing,  as  a  source  of  carbon, 
2  per  cent  tannic  acid,  the  addition  of  cane  sugar  decreases  the 
quantity  of  the  tannase  produced  by  the  organism.  The  higher 
the  concentration  of  sugar  the  lower  the  quantity  of  tannase  pro- 
duced. 

3.  Aspergillus  niger  produces  more  tannase  or  a  more  active  tan- 
nase per  unit  weight  than  PeniciUium  sp. 

4.  The  production  of  tannase  in  Aspergillus  niger,  PeniciUium 
sp.  and  PeniciUium  rugulosum  is  stimulated  by  tannic  acid  and 
gallic  acid,  only,  and  the  former  is  more  effective  than  the  latter. 

5.  There  is  a  progressive  increase  of  tannase  in  AspergiUus  niger 
with  increased  concentration  of  gallic  acid  in  a  nutrient  solution 
containing  10  per  cent  sugar. 

VIII.   DISCUSSION. 

Dox"  in  his  excellent  paper  makes  the  following  statement:  ''There  is 
no  evidence  that  enzymes  not  normally  formed  by  the  organism  in  demon- 
strable quantities  can  be  developed  by  special  methods  in  nutrition.  The 
influence  of  adding  a  particular  substance  to  the  medium  is,  therefore,  not 
to  develop  an  entirely  new  enzyme,  but  to  stimulate  the  production  of 
an  existing  enzyme,  which  is  normally  formed  under  all  conditions."  In 
the  light  of  Dox's  results  it  seems  somewhat  surprising  that  the  enzyme 
tannase  should  be  formed  only  under  special  nutrition.    It  may  be  as  Dox'* 


**  Loc,  cit. 

"  A.  W.  Dox:  The  Intracellular  Enzymes  of  PeniciUium  and  Aspergillus, 
loc,  cit. 

**  A.  W.  Dox:  Enzjrme  Studies  of  Lower  Fungi,  Plant  World,  xv,  pp.  40-43, 
1912. 
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has  stated  concerning  my  work  that  the  formation  of  the  enzjme  tannase 
is  an  exception  to  the  general  rule.  The  work  of  other  investigators  previ- 
ously mentioned  has  indicated,  however,  that  the  production  of  certain 
enzymes  in  other  organisms  is  governed  entirely  by  the  character  of  the 
nutrition. 

Dox**  has  considered  only  the  influence  of  external  environment  upon  thf 
formation  of  the  enzymes.  It  is  to  be  expected  that  protease,  lipase,  nuc- 
lease, inulase  and  perhaps  some  of  the  other  enzymes  would  be  produced 
because  the  substances  which  they  transform  are  present  in  the  mycelium. 
If  the  action  of  an  enzyme  is  reversible  and  they  are  S3rntheaiiing  agents, 
then  the  question  arises:  "can  the  products  of  the  decomposition  induce 
the  formation  of  enzyme?"  In  my  experiments  the  only  substance  besides 
tannic  acid  capable  of  inducing  the  formation  of  the  tannase  is  gallic  add, 
which  is  a  decomposition  product  of  tannic  acid. 

Might  it  be  possible  that  all  of  the  enzymes  are  produced  only  in  T&p(mse 
to  the  influence  of  the  zymolyte  or  to  the  products  of  its  decomposition 
present  either  in  the  nutrient  solution  or  in  the  mycelium?  There  ia  a  cwi- 
siderable  amount  of  evidence  indicating  that  one  or  the  other  is  always  pres- 
ent, but  there  is  also  evidence  that  certain  enzymes  are  seemingly  inrodoced 
in  the  entire  absence  of  the  zymol3rte  or  the  products  of  its  decompoeition. 
The  whole  problem  is  a  complex  one  and  requires  investigation. 


»•  Enzyme  Studies  of  Lower  Fungi,  loc,  cit. 


METHOD    OF    PREPARING    ASH-FREE    CASEIN    AND 

PARACASEIN. 

By  LUCIUS  L.  VAN  SLYKE  and  ALFRED  W.  BOSWORTH. 

(From  the  Chemical  Laboratory  of  the  New  York  State  Agricultural 

Experiment  Station ^  Geneva,  N.  Y.) 

(Received  for  publication^  February  4,  1913.) 

Casein  or  paracasein  that  is  to  be  used  in  studying  the  relations 
of  these  compounds  to  mineral  bases  must  be  free  from  all  such 
bases.  The  preparation  of  casein  or  paracasein  really  ash-free  is 
much  more  difficult  than  has  been  conunonly  assumed.  The  so- 
called  cheihically  pure  casein  furnished  by  chemical  supply  houses 
usually  contains  as  much  as  0.6  per  cent  of  ash.  The  preparations 
used  in  various  investigations  in  which  the  ash  content  has  been 
reported  rarely  contain  less  than  0.2  per  cent  of  ash  and  not  infie- 
quently  more  than  0.5  per  cent. 

The  principal  basic  element  in  casein  or  paracasein  preparations, 
as  usually  made,  is  calcium,  and  its  presence  is  frequently  due 
to  the  existence  of  a  compound  of  calcium  and  casein  containing 
0.22  per  cent  Ca  (equal  to  0.31  per  cent  CaO)  or,  in  case  of  para- 
casein, double  this  amount  of  Ca,  as  we  shall  show  in  another  paper 
(this  Journal,  p.  223).  These  salts  of  casein  and  paracasein  are 
insoluble  in  water  but  easily  soluble  in  a  5  per  cent  solution  of 
NaCl,  while  base-free  casein  and  paracasein  are  insoluble  both  in 
water  and  in  the  brine  solution. 

When  casein  or  paracasein  is  carefully  precipitated  by  dilute 
acids  from  milk  or  from  their  lime-water  solutions,  the  precipitate 
is  apt  to  contain  more  or  less  of  the  above-mentioned  caseinate  or 
paracaseinate  in  addition  to  base-free  protein.  The  precipitation 
of  such  calcium  salts  occurs  most  readily  when  the  usual  precau- 
tions in  precipitating  casein  or  paracasein  from  milk  are  most 
rigidly  observed,  that  is,  when  excess  of  acid  is  avoided.  We  have 
examined  casein  preparatioas  obtained  from  chemical  supply 
houses  and  have  found  that  some  of  them  are  soluble  in  5  per  cent 
solution  of  NaCl  to  the  extent  of  50  per  cent  or  more  of  their  weight. 
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PREPARATION   OF  ASH-FREE   CASEIN. 

After  trying  dififerent  methods  of  preparing  casein  so  as  to 
contain  a  minimum  amount  of  calcium,  we  have  obtained  the  mosi 
satisfactory  results  by  the  method  described  below.  We  have 
been  able  to  prepare  casein  containing  only  0.06  per  cent  of  ash, 
consisting  largely  of  calcium  phosphate,  derived  from  the  trace  of 
calcium  not  removed  and  the  phosphorus  of  the  casein  molecule. 
The  amount  of  calcium  present  in  5  grams  of  such  material  was  too 
small  to  determine  quantitatively. 

Our  method  of  preparation  is  to  dilute  separator  skim-initt 
with  seven  or  eight  times  its  volume  of  distilled  water  and  care- 
fully add  dilute  acetic  acid  (6  cc.  of  glacial  acetic  acid  diluted  to  1 
liter)  until  the  casein  separates  completely;  after  which  the  clear 
solution  is  removed  by  siphon  as  soon  as  the  precipitate  settles. 
Distilled  water  is  then  added,  the  mixture  stirred  vigorously  and 
the  precipitate  allowed  to  settle,  after  which  the  wash  water  k 
siphoned  oflf.    Water  is  agam  added  and  the  casein  is  dissolved 
by  adding,  for  each  liter  of  milk  used,  1  liter  of  dilute  NH4OH  (6  cc, 
of  strong  reagent  diluted  to  1  liter).    When  the  solution  is  com- 
plete, the  whole  is  filtered  through  a  thick  layer  of  absorbent  cotton. 
The  casein  is  then  precipitated  again  with  dilute  acetic  acid;  the 
precipitate  is  allowed  to  settle,  and  is  then  washed,  redissolved  in 
dilute  NH4OH  and  filtered,  the  process  of  precipitation,  washing, 
dissolving,  etc.,  being  repeated  not  less  than  four  times.    Finally 
an  excess  of  strong  NH4OH   (10  cc.)   is  added  and  then,  20  cc.  of 
saturated  solution  of  ammonium  oxalate.    The  mixture  is  allowed 
to  stand  twelve  hours  or  more.    Calcium  is  precipitated  as  oxalate 
in  very  finely  divided  condition,  too  fine  to  permit  its  satisfacton* 
removal  by  ordinary  methods  of  filtration.    Better  aggregation 
of  the  precipitate  can,  however,  be  effected  by  means  of  centrifugal 
force.    The  centrifuged  mixture  is  then  filtered  through  double 
thickness  of  filter  paper.    The  filtered  solution  is  next  treated  with 
dilute  HCl  (10  cc.  HCl,  sp.  gr.  1.20,  diluted  to  1  liter)  until  the 
casein  is  precipitated.    The  precipitate  is  washed  with  distilled 
water  until  free  from  chloride  and  is  then  placed  on  a  hardened  fil- 
ter paper  in  a  Buchner  funnel,  as  much  water  as  possible  being  now 
removed  by  suction.     The  mass  is  next  transferred  to  a  lail^ 
mortar  and  thoroughly  triturated  with  95  per  cent  alcohol.   The 
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alcohol  is  then  removed  by  suction  on  a  Buchner  funnel  and  the 
c&sein  is  then  again  placed  in  a  mortar  and  triturated  with  absolute 
alcohol.  Most  of  the  alcohol  is  removed  and  the  casein  treated 
trwice  with  ether  in  a  mortar  by  trituration,  the  ether  being  removed 
each  time  by  means  of  suction  on  a  Buchner  funnel.  The  material 
is  then  placed  in  a  large  evaporating  dish  and  spread  out  in  a  layer 
as  thin  as  possible;  it  is  allowed  to  stand  twelve  hours  or  more  in  a 
warm  place.  The  material  is  finally  ground  in  a  mortar  until  the 
particles  pass  a  40-mesh  sieve  and  is  dried  for  two  days  over 
H^04  in  a  desiccator  under  diminished  pressure. 

Three  preparations  made  in  this  way  were  found  to  show  an  ash 
content  of  0.10,0.09  and  0.06  per  cent,  respectively.  These  prep- 
arations were  insoluble  in  water  and  in  50  per  cent  alcohol;  the 
first  one  was  very  slightly  soluble  in  a  5  per  cent  solution  of  NaCl, 
but  the  two  others  were  not. 

When  1  gram  of  these  casein  preparations  was  treated  with  10 
cc.  of  -ft  NH4OH,  NaOH  or  KOH  and  90  cc.  of  water,  a  clear  solu- 
tion was  obtained,  the  casein  dissolving  completely.  When  to  this 
solution  a  minute  amount  of  a  solution  of  a  salt  of  barium,  strontiiun 
or  calcium  was  added,  there  developed  promptly  the  opalescent 
appearance  characteristic  of  casein  solutions  imder  sudi  conditions. 

Casein  prepared  in  the  manner  described  was  analyzed  with  the 
following  results:  Moisture,  1.09  per  cent.  In  the  dry  substance: 
Ash,  0.06;  C,  53.50;  H,  7.13;  N,  15.80;  P,  0.71;  S,  0.72;  O  (by  dif- 
ference), 22.08  per  cent. 

PRBPARATION  OP  ASH-FREE   PARACASEIN. 

Separator  skim  milk  was  heated  to  37°C.  and  rennet  extract 
(Hansen's)  was  added  in  the  proportion  of  0.12  cc.  per  1000  cc. 
of  milk.  The  mixture  was  allowed  to  stand  until  the  precipitated 
paracaseinate  had  separated  as  completely  as  possible.  The  result- 
ing curd  was  then  stirred  vigorously  in  order  to  break  it  into  small 
pieces  and  hasten  the  separation  of  whey.  When  the  curd  had 
settled,  the  supernatant  whey  was  removed  by  siphon.  The  para- 
caseinate was  washed  with  distilled  water  several  times  and  finally 
5  liters  of  water  added  for  each  liter  of  milk  originally  used.  Dilute 
NH4OH  (6  cc.  of  strong  reagent  diluted  to  1000  cc.)  was  then 
added,  as  in  the  case  of  preparation  of  casein  described  above,  and 
the  mixture  stirred  until  the  paracaseinate  was  dissolved.    The 
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process  of  i  eprecipitating,  washing  and  redissolving  was  continued 
as  in  the  case  of  casein;  the  remaining  calcium  was  finally  separated 
by  addition  of  ammonimn  oxalate  and  centrifuging  as  described 
above. 

One  preparation  made  in  this  way  contained  0.07  per  cent,  of  ash 
One  gram  gave  a  clear  solution  when  dissolved  in  10  cc.  of  i? 
NH4OH  and  90  cc.  of  water. 

One  preparation,  with  a  high  ash  content,  gave  the  following 
results  when  analyzed:  Moisture,  1.63  per  cent.  In  the  dry  sub- 
stance, ash,  0.61;  C,  53.50;  H,  7.  26;  N,  15.80;  P,  0.83;  S,  0.87;  0 
(by  difference),  21.13. 

Another  preparation  with  exceptionally  low  ash  content  gave 
the  following  results:  Ash,  0.07;  phosphorus,  0.71;  sulphur, 
0.72  per  cent. 

SUMMARY. 

Ash-free  casein  and  paracasein  are  prepared  by  alternate  precip- 
itation with  dilute  acida  nd  solution  with  dilute  NH4OH  several 
times,  the  last  portion  of  calcium  being  removed  by  precipitation 
with  ammonium  oxalate,  after  which  the  protein  is  precipitated 
with  dilute  acid  and  purified  by  treatment  with  water,  alcohol  and 
ether,  being  finally  dried  over  H2SO4  under  reduced  pressure. 
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PREPARATION  AND  COMPOSITION  OF  BASIC  CALCIUM 

CASEINATE  AND  PARACASEINATE. 

By  ALFRED  W.  BOSWORTH  ai«>  LUCIUS  L.  VAN  SLYKE. 

(JFrom  the  Chemical  Laboratory  of  the  New  York  State  Agricultural  Experiment 

Station,  Geneva,  N,  F.) 

(Received  for  publication,  February  4,  1913.) 

The  compound  commonly  known  as  basic  calcium  caseinate 
contains  the  largest  amount  of  calciimi  in  combination  with  casein. 
This  is  the  compound  that  has  been  most  frequently  prepared  and 
studied  by  investigators;  beginning  with  Soldner.^  Varying  results 
have  been  obtained  by  different  workers,  the  percentage  of  Ca 
varying  from  1.66  to  2.13  per  cent  (equal  to  2.32  to  2.98  per  cent 
CaO). 

This  compound  can  be  prepared  in  two  different  ways:  (1)  By 
decotnposing  CaCOs  with  casein  and  (2)  by  treating  casein  with  a 
solution  of  Ca(0H)2  (lime-water). 

Preparation  of  basic  calcium  caseinaie  by  treating  casein  with  CaCOz, 

When  casein  is  treated  with  CaCOs,  the  results  of  the  reaction 
can  be  measured  in  two  ways:  (1)  By  weighing  the  CO2  displaced 
and  (2)  by  determining  the  amount  of  Ca  in  the  resulting  com- 
pound.   Both  methods  were  employed  by  us. 

Ash-free  casein  prepared  in  the  manner  described  in  the  previous 
article  was  placed  in  the  flask  of  a  Knorr  CO2  apparatus  and  an 
excess  of  CaCOs  suspended  in  water  was  added.  The  CO2  formed 
in  the  reaction  was  run  mto  weighed  bulbs  containing  KOH,  and 
the  increase  of  weight  due  to  .CO2  determined  at  the  end  of  the 
reaction.    The  results  are  given  in  Table  I. 

For  the  purpose  of  measuring  the  results  of  the  reaction  by  deter- 
mining the  amount  of  Ca  in  the  resulting  compound,  the  casein 
was  placed  in  a  mortar  and  thoroughly  tritiu-ated  with  an  excess 

*  Landw,  Veraucheetat.,  xxxv,  p.  351, 1888. 
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TABLE  I. 

Amounts  of  COi  expelled  from  CaCO»  bp  casein. 


AMOUNT  or  DBT  CABCIN  USED 

grams 

10 
10 

5 

5 

Average 


AUOUliT  OP  OOs  EXPELLED 


CaO  (Ajn>  Ck)  poe  IWoeam 

OF  CASEIN.  EQtJlTAUWt 
TOCOj 


gratni 

0.1§00 
0.1980 
0.1054 
0  1003 


2.42  (1  73  Ca) 
2.52  (1.80  Ca) 
2.68  (1.91  Ca) 
2.55  (1.81  Ca) 


2.54  (1.81  Ca) 


of  moist  CaCOa,  the  excess  being  removed  by  filtration  at  the  end 
of  the  reaction.  The  filtrate  was  treated  with  96  per  cent  alcohd, 
which  was  acid-free,  mitil  the  calcium  caseinate  was  precipitated 
after  which  the  precipitate  was  washed  with  alcohol  and  ether  and 
dried  at  120°C.  A  weighed  portion  of  tfcis  compound  was  care- 
fully ignited  and  the  Ca  in  the  resulting  ash  was  determined, 
with  the  following  results; 

TABLE  II. 
Amount  o/€^&  combining  with  casein  when  reacting  with  CaCOt. 


BIOHT  or  CASEINATE 

weight  op 
CaO 

grama 

wbiortop 
Ca 

grama 

WBIOBT  OP 
PBKX  CASEIN 

CA0(A3n>CA)FM 
lOOOEAMSOPCAiWX 

grama 

grama 

grama 

0.4125 

0.0102 

0.0073 

0.4052 

2.52  (1.80  Ca) 

0.5134 

0.0124 

0.0089 

0.5045 

2.46  (1.76  Ca; 

0.3090 

0.007? 

0.0055 

0.3035 

2.54  (1.81  Ca) 

0.4253 

0.0104 

0.0074 
0.00726 

0.4179 
0.4078 

2.49  (1.77  Ca' 

Lverage..  0.41 505 

0.010175 

2.50  (1.78  Ca) 

Preparation  of  basic  calcium  caseinate  by  treating  casein  xmik  «« 

excess  of  Ca{OH)t. 

Weighed  portions  of  casein  were  dissolved  in  an  excess  of 
Ca(0H)2  solution.  Phenolphthalein  indicator  was  then  added  to 
the  solution  and  HCl  was  run  in  until  the  solution  became  neutral 
The  solution  was  then  dialyzed  to  remove  the  CaClj  formed  ib 
neutralization.  The  dialyzed  solution  was  evaporated  to  dryness, 
the  residue  dried  at  120°C.  and  weighed.  The  determination  of 
Ca  was  made,  after  ignition,  with  the  following  results: 
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TABLE  III. 

Amount  of  Ca  combining  with  casein  on  treatment  with  Ca(OH)i. 


-WEIOHT  or  CASEIN  ATE 


gramt 


1.582 
1.471 
1.548 

Average..  1.534 


weight  op 
CaO 


grams 

^0.040 
0.035 
0.038 


WEIGHT  or 

Ca 


Orams 

0.0286 
0.0250 
0.0271 


WEIGHT  or 
rBBE  CASEIN 

grama 

1.5534 
1.4460 
1.5209 


1.5070 


CaO  (and  Ca)  eob 

100  O  BAMS  or  CASEIN 

gramt 

2.58  (1.84  Ca) 
2.42  (1,73  Ca) 
2.50  (1.78   Ca) 

2.50  (1.78   Ca) 


The  three  sets  of  figures  presented  m  tables  I,  II  and  III  mdicate 
that  casern  combines  with  Ca  to  form  a  compound  containing  about 
2.50  per  cent  of  CaO(equal  to  1.78  per  cent  of  Ca);  the  compound 
in  solution  is  neutral  to  phenolphthalein.  Expressed  in  another 
form,  1  gram  of  casein  combines  with  9  X  10^  gram  equivalents 
of  Ca. 

Composition  of  basic  calcium  paracaseinaie. 

like  casein,  paracasein  manifests  its  acid  character  by  its  power 
to  liberate  COj  from  CaCOa,  forming  a  calcium  paracaseinate. 
The  results  of  the  reaction  were  measured  by  us,  in  the  manner 
described  above,  in  the  case  of  casein.  The  average  of  many 
determinations  indicates  that  paracasein  unites  with  Ca  to  form  a 
paracaseinate  which  is  neutral  to  phenolphthalein  and  has  the  same 
general  composition  as  the  caseinate. 


SUMMARY. 

Basic  calcium  caseinate  and  paracaseinate  are  prepared  (a)  by 
treating  the  ash-free  protein  with  CaCOs  and  (b)  by  dissolving 
protein  in  Ca(0H)2  and  neutrahzing  to  phenolphthalein  with 
HCl.  In  the  first  reaction,  the  amount  of  CO2  displaced  by  the 
protein  was  determined  and  also  the  amount  of  Ca  in  the  compound 
resulting.  In  the  second  reaction;  the  resulting  compound  was 
isolated,  purified  and  its  Ca  content  determined.  The  different 
sets  of  determinations  agree  in  showing  the  compoxmd  to  contain 
about  2.60  per  cent  of  CaO  (equal  to  1.78  per  cent  of  Ca)  or  1 
gram  of  protein  combines  with  9  X  10-^  gram  equivalents  of  Ca. 


PREPARATION  AND  COMPOSITION  OF  UNSATURATED 
.  OR  ACm  CASEINATES  AND  PARACASEINATES. 

By  LUCIUS  L.  VAN  SLYKE  and  ALFRED  W.  BOSWORTH. 

{Prom  the  Chemical  Laboratory  of  the  New  York  State  Agricultural  Experiment 

Station,  Geneva,  N,  Y,) 

(Received  for  publication,  February  4,  1913.) 

Compounds  of  casein  with  bases,  in  which  less  base  is  present 
than  in  basic  calcium  caseinate  (this  JoumcUy  p.  207),  have  been 
rei>orted.    Soldner^  obtained  a  compound  of  casein  and  Ca  con- 
taining 1.11  per  cent  of  Ca  (equal  to  1.65  per  cent  of  CaO);  or, 
expressed  in  another  form,  1  gram  of  casein  combined  with  5.65 
X  10-^  gram  equivalents  of  Ca.    This  compound  is  neutral  to 
litmus  but  acid  to  phenolphthalein  and  has  been  commonly  known 
as  neviral  calcium  caseincUe.    This  compound  as  prepared  by  Van 
Slyke  and  Hart*  contams  about  1.07  per  cent  of  Ca  (equal  to  about 
1.50  per  cent  of  CaO);  or,  1  gram  of  casein  combmes  with  5.36  X 
10-^  gram   equivalents   of   calciimi.    Courant'  believes  that,  in 
addition  to  the  basic  and  neutral  compounds  of  casein  and  Ca,  a 
third  exists,  in  which  the  Ca  is  present  in  about  one-half  the 
amount  contained  in  the  neutral  compound  and  one-third  that 
contained  in  the  basic  compound;  he  regards  them  as  mono-,  di-, 
and  tri-calcium  caseinates.    Timpe^  reports  a  compound  contain- 
ing 0.961  per  cent  of  Na  (equal  to  0.868  per  cent  of  CaO  or  0.62 
per  cent. of  Ca);  or,  1  gram  of  casein  combines  with  3.1  X  10-^ 
gram  equivalents  of  Ca.    Long^  was  able  to  dissolve  1  gram  of 
casein  in  just  one-half  the  amount  of  alkali  required  for  the  phenol- 
phthalem  neutralization  and  therefore  inferred  the  existence  of 
acid  caseinates  containing  one-half  the  amount  of  base  contained  in 

*  Landw.  Versuchsatat,,  xxxv,  p.  351, 1888. 
'  Amer,  Chem.  Joum,,  xxxiii,  p.  461, 1905. 

*  PflUger'a  Archivf,  d.  gee,  PhysioL,  p.  109, 1891. 
*Arch.f.  Hyg,,  xviii,  p.  1,  1893. 

^Jottm.  of  Amer,  Chem.  Soc,  xxviii,  p.  372,  1906. 
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• 
basic  calcium  caseinate.  The  existence  of  such  a  combination  is 
questioned  by  Robertson.' 

In  the  course  of  our  work,  we  became  convinced  that  casein  fwms 
compounds  containing  less  base  than  any  of  those  reported  by 
other  workers.  While  we  were  at  work  on  this  point,  an  arti<^ 
by  Robertson^  appeared  in  which  was  reported  a  combination  of 
casein  and  NaOH,  1  cc.  of  alkali  combining  with  0.877  gram  of 
casein.  Our  further  work  confirms  Robertson's  results,  althou^ 
we  have  used  a  diflferenf  method  of  procedure.  In  addition,  we 
have  been  able  to  prepare  and  isolate  several  salts  for  analyas. 
Oiu-  study  of  these  individual  salts  shows  that  NH4,  Na  and  K 
compounds  possess  properties  very  different  from  those  of  Ba,  Ca 
and  Sr.  We  have  prepared  and  studied  two  sets  of  compounds  of 
casein  with  bases,  in  one  of  which  1  gram  of  casein  combines  approx- 
imately with  1.125  X  10-^  gram  equivalents  of  base,  while  in  the 
other  1  gram  of  casein  combineswith  about  2.25  X  10^ gram  equiva- 
lents of  base. 

We  shall  now  take  up  the  details  of  our  experimental  work  in 
preparing  unsaturated  or  acid  caseinates  of  the  bases  of  the  more 
conunon  alkalies  and  alkaline  earths. 

The  specific  object  in  view  was  to  ascertain  the  smallest  quantity 
of  base  with  which  casein  combines  to  form  a  definite  salt.  In  the 
volumetric  work  our  method  of  procedure  was  as  follows: 

In  200  cc.  of  ^  alkali,  we  dissolved  5  grams  of  pure  casein  as  quickly  ss 
possible  and  then  made  the  volume  to  250  cc.  Each  50  cc.  of  thisBolution 
therefore  represcD ted  1  gram  of  casein  dissolved  in  50  cc.  of  ^  alkali.  A  pre- 
liminary or  trial  determination  was  next  made  in  the  following  manner. 
Into  a  300  cc.  Erlenmeyer  flask  we  measure  50  cc.  of  the  caseinate  solution 
and  then  add,  a  drop  at  a  time,  some  /^  HCl,  until  we  have  used  5  cc., 
the  contents  of  the  flask  being  kept  in  constant  agitation  in  order  to 
prevent  premature  precipitation  of  casein.  After  addition  of  6  cc.  of  WJ<^ 
a  portion  of  the  contents  of  the  flask  is  centrifuged,  in  order  to  cause  the 
sedimentation  of  precipitated  casein,  if  any,  a  precipitate  serving  as  sd  indi- 
cator. A  sedimentation  tube  of  50  cc.  capacity  can  be  used;  the  precipitate 
collects  in  the  lower  V-shaped  portion.  It  is  possible  in  this  manner  to 
detect  the  casein  precipitated  by  0.20  cc.  of  ,^  HCl.  In  case  nocascmw 
precipitated  by  the  first  addition  of  5  cc.  of  acid,  another  equal  amount" 
acid  is  added  and  a  pjrtion  of  the  mixture  centrifuged;  the  process  of  adding 


•  This  Journal,  ii,  p.  336,  1906. 

^  Journ.  of  Physical  Ckem.t  xiii,  p.  469. 1909. 
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5  cc.  portions  of  acid  and  centrifuging  is  continued  until  a  permanent  pre- 
cipitate of  casein  is  obtained.  This  shows,  within  5  cc.  of  ^  HCl,  how  much 
acid  is  required  to  start  definite  precipitation  of  the  casein.  In  order  to  as- 
certain the  exact  point  more  closely,  another  set  of  determinations  is  made, 
using  50  cc.  of  the  caseinate  solution  and  adding  in  the  same  continuous 
manner  an  amount  of  ^  HCl  which  is  5  cc.  less  than  the  amount  causing  the 
first  appearance  of  a  permanent  precipitate  in  the  trial  or  preliminary  deter- 
mination. The  acid  is  now  added  in  small  amounts  with  constant  agitation 
of  the  liquid  in  order  to  prevent  the  premature  separation  of  any  precipitate, 
and  centrif uged  after  the  addition  of  each  0.25  cc.  The  first  point  at  which 
a  permanent  precipitate  appears  is  noted;  the  addition  of  acid  is  continued 
until  all  of  the  casein  is  precipitated  and  this  point  is  also  noted.  In  our 
work  this  method  of  determination  was  repeated  several  times  with  each 
combination  of  casein  and  alkali  and  three  different  casein  preparations 
were  used  in  preparing  each  caseinate. 

We  shall  now  present  the  results  of  our  experimental  work  in 
connection  with  unsaturated  or  acid  casemates  of,  first,  NH4,  Na 
and  K  and,  second,  Ca,  Sr  and  Ba. 

Acid  caseinates  of  NH4,  Na  and  K. 

In  the  manner  described  above,  we  made  numerous  determina- 
tions in  the  case  of  preparations  of  1  gram  of  base-free  casein 
dissolved  in  50  cc.  of  the  hydroxides  of  NH4,  Na  and  K,  respec- 
tively. In  every  case,  irrespective  of  the  alkali  used,  the  volume 
of  ^  HCl  required  to  cause  the  first  sign  of  permanent  precipita- 
tion was  between  44.25  and  44.50  cc. :  in  each  case  also  the  amount 
necessary  to  cause  complete  precipitation  was  50  cc. 

These  results  indicate  that  1  gram  of  casein  forms  a  soluble  com- 
pound with  NH4,  Na  and  K,  when  combined  with  amounts  of 
each  somewhere  between  1.10  X  10-^  and  1.15  X  10-^  gram  equiva- 
lents, expressed  as  hydroxide;  or,  expressed  in  another  form,  1  cc. 
of  jjf  alkali  combines  with  an  amount  of  casein  somewhere  between 
0.87  and  0.91  gram.  The  proportion  of  basic  element  in  each 
compound  is  approximately  the  following:  NH4,  0.20  per  cent; 
Na,  0.26  per  cent;  and  K,  0.44  per  cent.  Caseinates  combining 
with  the  amount  of  alkali  base  indicated  contain  the  smallest 
known  amount  of  base,  accordmg  to  our  present  knowledge.  It 
seems  proper,  therefore,  to  suggest  that  such  compounds  be  called 
mono-basic  caseinates. 

Preparaiion  of  mono^mmonium  caseinate.  It  seemed  desirable 
that  we  should  carry  the  work  somewhat  further  and  prepare  one 
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pure  compound,  at  least,  in  dry  form  for  study.  The  NH4  com- 
pound was  chosen  as  the  one  offering  least  difficulty.  The  method 
of  preparation  was  as  follows: 

In  2  liters  of  distilled  water  containing  250  cc.  of  -nr  NH4OH,  25  grams  of 
base-free  casein  were  dissolved.  After  solution  was  complete,  we  slowly 
added  125  cc.  of  t^  HCl,  care  being  taken  to  agitate  the  mixture  during  the 
addition  of  the  acid,  in  order  to  prevent  premature  precipitation  of  any 
casein.  There  was  next  added  very  cautiously  ^  HCl  until  a  permanent 
precipitate  began  to  appear,  as  shown  by  centrif  uging  the  mixture  at  iaiff- 
vals.  The  solution  was  then  filtered  and  measured.  The  amount  of '^ 
HCl  required  to  precipitate  the  casein  completely  was  determined  in  ao 
aliquot  part.  Then  one-third  of  this  amount  was  added  to  insure  the  pres- 
ence of  only  mono-basic  caseinate.  Any  precipitate  formed  was  renK)?ed 
by  filtration  and  the  filtrate  was  dialysed  until  the  NH4CI  that  had  b^ 
formed  in  the  reaction  was  completely  removed.  The  resulting  solution, 
containing  mono-ammonium  caseinate,  was  then  precipitated  by  additioo 
of  acid-free  alcohol.  The  precipitate  was  filtered,  washed  with  acid-free 
alcohol  and  ether  and  dried  at  120°C.  In  several  preparations  thus  made, 
the  amount  of  NH4  was  determined;  the  results  are  given  in  the  following 
table: 

TABLE  I. 

Composition  of  mono-ammonium  caseinate. 


AMOUNT  OP 
CA8RINATB  USED 

AMOUNT  OF 

■^   NH«0H 

POUND 

CC, 

RELATION  OF  CASEIN  TO  NHlOH  IN 
CASEINATB 

PEECKirrAOl 

opNHinr 
CARn&n 

grama 

5.891 

6.64 

1  gm.  casein  to  1 .  127  X  10^  gm. 
equivalents 

0.203 

4.870 

5.38 

1  gm.  casein  to  1 .  105  X  10-*  gm. 

0.200 

. 

equivalents 

•4.000 

4.30 

1  gm.  casein  to  1.075  X  10"*  gm. 
equivalents 

0.194 

♦3.000 

3.16 

1  gm.  casein  to  1.053  X  10"*  gm. 

0.190 

equivalents 

*  PreparatlOQB  of  caselnaies  made  by  Mr.  O.  B.  Winter. 


Acid  caseinates  of  Ca,  Sr  and  Ba. 

In  making  preparations  of  the  caseinates  of  the  alkali  earth 
bases,  difficulty  was  experienced  for  some  time  in  obtaining  con- 
cordant results.  The  trouble  was  finally  foimd  to  be  due  to  the 
presence  of  the  chloride  formed  when  the  solution  of  the  caseinate 
is  treated  with  HCl.    Such  chlorides  tend  to  cause  precipitation 
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of  the  casemates  either  by  decreasing  their  solubiUty  or,  perhaps, 
by  formation  of  double  salts,  consisting  of  the  chloride  in  com- 
bination with  the  caseinate.*  The  difficulty  of  insolubility  is 
readily  overcome  by  removal  of  the  chloride  through  simple  dialy- 
sis before  its  amoimt  is  sufficient  to  cause  precipitation.  To 
accomplish  this  we  made  use  of  the  following  process. 

In  200  cc.  of  ;^  hydroxide  of  Ca,  Sr  or  Ba,  we  dissolved  5  grams  of  casein 
and  then  diluted  the  solution  to  250  cc.    A  trial  or  preliminary  determina- 
tion w^as  made  by  adding  ^  HCl  to  50  cc.  of  the  caseinate  solution  in  por- 
tions of  5  cc.  at  a  time,  agitating  constantly  and,  after  each  addition,  testing 
for  the  presence  of  a  precipitate  by  centrifuging  a  portion,  until  a  precipi- 
tate appeared,  just  as  in  the  case  of  preparing  alkaline  caseinates(p.2]2). 
Then  to  each  of  several  flasks  containing  50  cc.  of  the  caseinate  solution,  we 
added  an  amoimt  of  ^  HCl  that  was  5  cc.  less  than  the  amount  causing  the 
first  appearance  of  a  permanent  precipitate  in  the  preliminary  trial.    The 
contents  of  the  flask  were  then  placed  in  dialyzing  tubes,  and,  by  frequent 
changes  of  the  surrounding  water,  most  of  the  soluble  chloride  that  had  been 
formed  was  removed.    The  contents  of  one  tube  were  used  for  another  pre- 
liminary test.    An  amount  of  acid  less  than  that  required  to  produce  a 
precipitate  in  this  second  test  was  then  added  to  all  the  tubes  and  the  con- 
tents again  dialyzed.    This  operation  was  continued  in  the  manner  indi- 
cated in  Table  216  (p.  216): 

In  the  manner  described  above,  we  have  made  numerous  pre- 
parations of  Ca,  Sr  and  Ba  caseinates;  the  averages  of  many  results 
show  that,  in  adding  -^  HCl  to  50  cc.  of  a  caseinate  solution  con- 
taining 1  gram  of  casein  dissolved  in  50  cc.  of  -^  solution  of  hydro- 
xide of  Ca,  Sr  and  Ba,  38.5  to  39.0  cc.  of  zif  HCl  will  be  required 
to  cause  the  first  appearance  of  a  pennanent  precipitate;  also,  the 
addition  of  only  44.5  cc.  will  be  required  to  cause  the  complete 
precipitation  of  the  casein.  The  remaining  amount  of  base, 
equal  to  5.5  cc.  of  ^  hydroxide,  or  1.1  cc.  of  tt  hydroxide,  appears 
to  be  held  in  combination  in  the  insoluble  compound. 

These  results  indicate  the  formation  of  two  sets  of  compounds, 
when  casein  is  dissolved  in  a  hydroxide  of  Ca,  Sr  or  Ba  and  this 
solution  is  neutralized  with  acid  under  the  conditions  of  our  experi- 
ments. One  set  of  compounds  contains  twice  as  much  basic  ele- 
ment as  the  other. 

Attention  is  called  to  additional  details  in  the  following  state- 
ments: 

*Pfeififer  and  Modelski:  ZeiUchr.  f.  phynol.  Chem.,  Ixxxi,  p.  329,  1012. 
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1.  In  the  di-basic  compounds,  as  the  results  show,  1  gram  d 
casein  requires  between  2.2  X  10-^  and  2.3  X  10^  gram  equiva- 
lents of  hydroxide  of  Ca,  Sr  or  Ba  to  form  a  compound  which  is 
soluble  in  water  when  there  is  not  present  any,  or  more  than  a 
trace  of,  soluble  chloride  of  any  of  these  elements.    The  addition 

TABLE  n. 
Illustration  of  method  used  in  preparing  add  caseinates  of  Ca,  Sr  anrf  Be. 


AMOUNT  OF    > 
CASEIN  IN 
SOLUTION 

AMOUNT OP 
N              1 

HTOBOXIDE  1 
SOLUTION  1 
USED 

AMOUNT  OF 
N 

HCl  added 
ee. 

SIGN  OF  FIRST 
PERMANENT 
PRBCIPITATB 

gram                cc. 

• 

1                   50 

30 

precipitate 

First  trial 

1 

50 
50 

50 

25 
30 
35 

0 

0 
precipitate 

Dialyzed  and  used  for  next. 
Dialyzed  and  used  for  next. 

50 
50 
50 

25 
30 
35 

0 

0 
0 

Dialyzed  and  used  for  next. 
Dialyzed  and  used  for  next. 

!_• 

50 

40 

precipitate 

50 
50 
50 
50 

25 
30 

a5 

36 

0 
0 
0 
0 

Dialyzed  and  used  for  next. 
Dialyzed  and  used  for  next. 
Dialyzed  and  used  for  next. 

1                50 

37 

0 

50 

38 

precipitate  | 

50 
50 
50 
50 
50 

25 
30 
35 
37 
38 

0         '  Dialyzed  and  used  for  next. 
0           Dialyzed  and  used  for  next. 
0         1  Dialyzed  and  used  for  next. 
0         1  Dialyzed  and  used  for  next. 
0 

50 

39 

precipitate 

50 
50 
50 
50 
50 
50 

25 
30 
35 
37 
38 
38.5 

0            Dialyzed  and  used  for  next. 
0            Dialyzed  and  used  for  next. 
0            Dialyzed  and  used  for  next. 
0            Dialyzed  and  used  for  next. 
0         '  Dialyzed  and  used  for  next. 
0 

50 

39 

precipitate 
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of  even  a  small  amount  of  a  soluble  salt  of  any  of  these  elements 
to  a  solution  of  any  of  these  di-basic  casemates  causes  the  for- 
mation of  a  precipitate. 

2.  In  these  di-basic  compounds,  100  grams  of  casein  combine 
(a)  with  0.44  to  0.46  gram  of  Ca  (equal  to  0.62  to  0.64  gram  of 
CaO),  (b)  with  0.96  to  1.01  grams  of  Sr  (equal  to  1.14  to  1.19 
grams  of  SrO)  or  (c)  with  1.51  to  1.58  grams  of  Ba  (equal  to  1.69 
to  1.76  grams  of  BaO). 

3.  It  is  indicated  that  with  the  treatment  described  above 
1  gram  of  casein  combines  with  about  1.1  X  10-^  gram  equivalents 
of  the  hydroxide  of  Ca,  Sr  or  Ba  to  form  an  insoluble  compound, 
when  an  acid  is  added  in  amount  just  suflScient  to  precipitate  the 
casein  completely.  These  compoimds  are  regarded  as  mono- 
basic, 

4.  In  these  insoluble  mono-basic  compounds,  100  grams  of 
casein  combine  approximately  (a)  with  0.22  gram  of  Ca  (equal  to 
0.31  gram  of  CaO),  (b)  with  0.48  gram  of  Sr  (equal  to  0.57  gram 
of  SrO)  or  (c)  with  0.76  gram  of  Ba  (equal  to  0.85  gram  of  BaO). 

5.  These  insoluble  compounds  possess  some  highly  interesting 
proi>erties.  They  are  soluble  in  a  5  per  cent  solution  of  NH4CI, 
NaCl  and  KCl.  This  solubility  is  due  to  an  exchange  of  bases, 
which,  for  the  piu-pose,  can  be  represented  by  the  following  rever- 
sible reaction: 

ycaseinate 
Ca<^  +2NaCl  ;;=!  2Nacaseinate  +  CaHj 

^caseinate 

(insoluble)  (soluble) 

That  the  reaction  is  a  reversible  one  is  supported  by  the  follow- 
ing experimental  evidence:  Mono-calciimi -caseinate  was  prepared 
and  freed  from  soluble  calciimi  salts  by  washing  and  dialysis. 
The  compound  was  then  dissolved  in  a  5  per  cent  solution  of  calci- 
um-free NaCl.  That  an  interchange  of  bases  had  taken  place 
was  shown  by  the  fact,  that  when  the  brine  solution  of  caseinate 
was  dialyzed,  calciimi  was  found  in  the  solution  outside  the  dialyz- 
ing  tube.  This  brine  solution  of  caseinate  was  then  dialyzed  imtil 
free  from  calciimi  and  was  then  filtered.  A  solution  of  CaCU  was 
then  added  to  this  dialyzed  solution  and  at  once  a  precipitate  of 
calcium  caseinate  was  produced.    That  this  precipitate  is  a  cal- 
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cium  salt  can  be  shown  in  two  ways :  (1)  By  washing  and  dialyzing 
until  free  from  soluble  chloride  and  then  igniting;  calcium  b  found 
in  the  ash.  (2)  By  washing  and  dialyzing  until  free  from  solubk 
calcium,  then  redissolving  in  a  5  per  cent  solution  of  calcium-free 
NaCl  and  dialyzing;  calcium  is  found  to  dialyze  out  of  this  brine 
solution  of  caseinate. 

Preparation  of  mono-  and  di-calcium  caseinates.  In  order  to 
study  the  composition  and  properties  of  these  compounds  more 
fully,  preparations  of  mono-  and  di-calcium  caseinate  were  made. 
The 'following  method  was  employed: 

In  800  cc.  of  17  Ca(OH)t  there  were  dissolved  20  grams  of  base-free  casein. 
To  this  solution  were  added  400  cc.  of  jV  HCl;  the  solution  was  then  dialjsed 
to  remove  most  of  the  resulting  CaCli.  Then  U  HCl  was  added  very  cio- 
tiously  under  constant  agitation  of  the  mixture  until  a  permanent  precipitate 
began  to  appear,  as  shown  by  centrif  uging.  The  solution  was  then  dialyied 
again  and  then  more  acid  was  added  until  a  precipitate  once  more  begao 
to  form.  Alternate  dial3rsis  and  addition  of  acid  were  continued  until  no 
more  acid  could  be  added  without  causing  a  precipitate.  The  amount  of 
acid  necessary  to  precipitate  all  of  the  casein  was  next  determined  in  ao 
aliquot  portion,  and  one-third  of  this  amount  of  acid  was  then  added.  The 
precipitated  casein  was  filtered  out  and  the  filtrate  was  dialysed.  This 
solution  contained  di-calcium  caseinate.  The  solution  was  divided,  one 
portion  being  used  for  the  preparation  of  di-calcium  caseinate  and  the  other 
for  the  mono-calcium  caseinate. 

In  completing  the  preparation  of  the  di-calcium  caseinate,  the  salt  was 
precipitated  by  addition  of  acid-free  alcohol,  the  precipitate  being  washed 
in  acid-free  alcohol  and  ether,  and  then  dried  at  120''C.  The  composition 
of  this  preparation  is  given  below  in  table  IV. 

In  preparing  the  mono-calcium  caseinate,  the  solution  of  di-calcium  casein- 
ate was  treated  with  enough  acid  to  precipitate  three-fourths  of  the  casein. 
The  resulting  precipitate  was  filtered,  washed  with  water,  acid-free  alcobd 
and  ether,  and  then  dried  at  120^C.  The  results  in  table  III  show  the 
amount  of  Ca  found  in  the  preparation. 

If  we  compare  the  results  given  in  tables  III  and  IV  with  the 
figures  given  in  paragraphs  (1),  (2),  (3)  and  (4)  on  page  217  it  is 
obvious  that  the  results  embodied  in  these  tables  are  lower.  The 
higher  results  are  obtained  by  the  volumetric  method  and  arc 
believed  to  be  nearer  the  truth,  owing  to  the  diflSculty  of  preparing 
these  caseinates  in  pure  form.  The  values  given  by  the  volu- 
metric method  are  the  following:  1  gram  of  casein  to  1.10  (to 
1.15)   X   10-^  gram  equivalents  of  calcium  for  the  mono-basic 
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TABLE  m. 
Composition  of  mono-calcium  caseincUe  preparation. 


ASCOITlfT  OF  COU- 
iK>T7MO  DSCO 


gramn 
5 


5 
5 


Average.. 


amount  of 
CaO(anoCa) 

FOUND 


psbcentaox  of 
CaO  (and  Ca) 

IN  CX)liPOUND 


gram 

0.0149 
(O.OlOeCa) 
0  0141 
(O.OlOlCa) 
0.0146 
r0.0104Ca) 


0.01453 
(0.0104Ca) 


0.298 
(0.213  Ca) 
0.282 
(0.201  Ca) 
0.292 
(0.209  Ca) 


0.291 
(0.208  Ca) 


rrlation  of  casstn  to  calcium  in 
compound 


1  gm.  caflein  to  1.06  X  10"*  gm. 

equivalents. 
1  gm.  casein  to  1.01  X  10-*  gm. 

equivalents. 
1  gm.  casein  to  1.04  X  10-*  gm. 

equivalents. 


—i 


1  gm.  casein  to  1.04  X  10"*  gm. 
equivalents. 


TABLE  IV. 
Composition  of  di-calcium  caseinate  preparation. 


LMOUNT  OF  COM- 
FOUWD  USED 


QTHtnM 

4.2825 
4  1215 


Average 
4.202 


amount  of 
CaO  (and  Ca) 

FOUND 


QTUfn 

0.0233 
(0.0167Ca) 

0.0235 
(0.0168Ca) 


0  0234 
(0.01675Ca) 


perczntaob 

CaO  (and  Ca) 

in  compound 


RELATION  OF  CASEIN  TO  CALCIUM  IN 
COMPOUND 


0.544 

(0.39  Ca) 
0.572 
(0.41  Ca) 


0.558 
(0.40  Ca) 


1  gm.  casein  to  1.95  X  10-*  gm. 

equivalents. 
1  gm.  of  casein  to  2.04  X  10"*  gm. 

equivalents. 

1  gm.  of  casein  to  2.00  X  10"*  gm. 
equivalents. 


caseinate,  and  1  gram  of  casein  to  2.2  (to  2.3)  X  10-^  gram  equiva- 
lents of  calcium  for  the  di-basic  caseinate. 


PREPARATION  AND   COMPOSITION  OF   UNSATURATED    OR  ACID   PARA- 

CASEINATES. 

In  preparing  acid  paracaseinates  of  bases,  the  same  volumetric 
method  of  procedure  was  followed  as  in  case  of  the  casein  salts 
(p.  215).  The  appearance  of  a  precipitate  in  a  centrifuged  portion 
after  addition  of  acid  to  an  alkali  solution  of  paracaseinate  was 
made  to  serve  as  an  indicator  in  regard  to  the  end  point  of  the 
reaction*.  We  dissolved  5  grams  of  the  ash-free  paracaseinate  in 
200  cc.  of  ^jf  alkali,  made  up  the  solution  to  250  cc.  and  then  brought 
to  the  end  point  by  careful  addition  of  fn  HCl. 


2  20  Acid  Caseinates  and  Paracaseinates 

Add  paracaseinaie  of  NH4,  Na  and  K. 

In  the  manner  described,  determinations  were  made  in  the  case 
of  base-free  paracasein  dissolved  in  hydroxides  of  NH4,  Na  and  K. 
In  every  case,  irrespective  of  the  alkali  used,  the  volume  of  jl 
HCl  required  to  cause  the  first  sign  of  permanent  precipitation 
when  added  to  a  solution  of  1  gram  of  casein  in  50  cc.  of  ^  alkali 
was  between  38.5  and  39  cc. ;  in  each  case,  also,  the  amount  required 
to  cause  complete  precipitation  was  50  cc. 

These  results  show  that  1  gram  of  paracasein  combines  with 
an  amount  of  alkali  somewhere  between  2.2  X  10-^  and  2.3  X  10-* 
gram  equivalents,  expressed  as  hydroxide,  in  forming  soluble 
compounds  with  NH4,  Na  and  K,  which  are  acid  to  both  litmus 
and  phenolphthalein.  Expressed  in  another  form,  1  cc.  of  n 
alkali,  expressed  as  hydroxide,  combines  with  an  amount  of  pars- 
casein  somewhere  between  0.435  and  0.455  gram.  The  propor- 
tion of  basic  element  in  each  compoimd  is  approximately  as  follows 
NH4,  0.40  per  cent;  Na,  0.52  per  cent;  K,  0.88  per  cent.  The 
amount  of  each  basic  element  in  these  paracaseinates  is  just  double 
that  present  in  the  corresponding  casein  compounds. 

The  amount  of  acid  required  to  precipitate  completely  tie 
paracasein  in  these  compounds  is  exactly  equal  to  the  alkali  used 
to  dissolve  the  paracasein;  this  fact  indicates  that  there  is  not 
an  additional  paracaseinate,  in  insoluble  form,  containing  less  of 
these  basic  elements. 

Preparation  of  mono^mmonium  paracaseinate.  Mono-ammon- 
ium paracaseinate  was  isolated  and  prepared  in  dry  form  for  further 
study  in  the  manner  already  described  in  the  preparation  of 
mono-ammonium  caseinate  (p.  213).  Care  must  be  taken  to  use  a 
paracasein  preparation  free  from  casein  or  salts  of  Ca,  Sr,  Ba,  et<:. 
A  determination  of  the  amoimt  of  NH4  present  in  preparations 
thus  made  is  given  in  Table  V. 

These  results  illustrate  the  difficulty  of  preparing  the  compounds 
pure,  but  indicate  that  the  percentage  of  NH4  is  about  double 
that  found  in  the  corresponding  mono-ajmmonium  caseinate. 

Acid  paracaseinates  of  Ca,  Sr  and  Ba. 

In  preparing  paracasein  salts  of  Ca,  Sr  and  Ba,  the  presence » 
their  chlorides  causes  much  more  trouble  in  resf)ect  to  precipitation 
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TABLE  V. 
Composition  of  monO'ammonium  paracaseinate. 


Amoxnnow 

PABACASSIN 

xrsBD 

▲MOUMTOF 
N 

FOUND 

• 

aXLATION  OF  PARACA8BIN  TO  NH<OH  IN     - 
PARACABSINATB 

• 

PSRCBNT- 

AOBOF 

NH4IN 

PARACABB- 

INATB 

4 
4 

8.20 
7.98 

1   gm.   paracasein  to  2.05  X  10~^  gm. 

equivalents. 
1  gm.  of  paracasein  to  2.00  X  10"*  gm. 

equivalents. 

0.37 
0.36 

than  in  case  of  the  caseinates.  Special  care  must  be  taken  to 
prevent  the  accumulation  of  chlorides  of  these  elements.  By  suffi- 
ciently frequent  dialysis,  it  was  possible  to  obtain  the  results  re- 
ported below.  Another  point  in  connection  with  paracasein  is 
the  fact  of  its  slow  rate  of  solution  in  the  hydroxides  of  Ca,  Sr 
and  Ba;  on  this  accoimt  we  used  400  cc.  of  ts  hydroxide  to  dis- 
solve 5  grams  of  paracasein,  making  the  volume  up  to  600  cc.  with 
water. 

Trial  or  preliminary  determinations  were  made  in  the  same 
manner  as  with  casein  (p.  215),  in  order  to  determine  the  amount 
of  ^  HCl  required  to  precipitate  the  paracasein  in  the  absence 
of  CaCU,  SrCU  or  BaCU.  The  specific  details  employed  and  re- 
sults obtained  are  indicated  in  Table  VI    (p.  222). 

The  results  obtained  by  the  method  of  procedure  indicated  above 
showed  that 'the  amount  of  5v  HCl  which  must  be  added  to  a  solu- 
tion of  1  gram  of  paracasein  in  100  cc.  of  ^i  hydroxide  of  Ca,  Sr 
or  Ba  in  order  to  cause  the  first  sign  of  permanent  precipitation 
was  between  77.25  and  77.5  cc:  to  completely  precipitate  all  of 
the  paracasein,  88.5  cc.  were  required.  The  figures  are  the  same 
irrespective  of  the  hydroxide  used. 

These  results  indicate  the  formation  of  two  sets  of  compounds 
when  paracasein  is  dissolved  in  a  Ca(0H)2,  Sr(0H)2  or  Ba(0H)2 
and  this  solution  is  neutralized  with  acid  under  the  conditions  of 
our  experiments.  One  set  of  compounds  contains  twice  as  much 
base  as  the  other,  corresponding  to  the  two  sets  of  casein  com- 
pounds. The  following  statements  call  attention  to  additional 
details. 

1.  In  the  di-basic  compounds,  the  results  show  th&t  1  gram  of 
paracasein  requires  between  4.5  X  10-^  and  4.55  X  10-^  gram 


222 


Acid  Caseinates  and  Paracaseinates 


TABLE  VI. 
Illustration  of  method  of  preparing  acid  paracaseinates  of  C&,  Sr  oiui  Ba. 


▲MOuifT  or 

PABACABSIN 
IN  SOLUTION 


gram 
1 


AMOUNT or 

N 

■SJf 

HTDBOXIDS 

SOLUTION 

UBXD 


ee. 
100 

100 
100 

100 
100 
100 

100 
100 
100 
100 

100 
100 
100 
100 
100 

100 
100 
100 
100 
100 
100 


AMOUNT  or 
N 

HCl  addbd 


ec, 

80.0 

75.0 
80.0 

75.0 
76.0 
77.0 

75.0 
76.0 
76.5 
77.0 

75.0 
76.0 
76.5 
77.0 
77.5 

75.0 

76.0 

76.5 

77.0 

77.25 

77.50 


PKECIPZTATION 


precipitate 


I  precipitate 

0 

0 

precipitate 

0 

0 

0 

precipitate 

0 
0 
0 
0 
precipitate 

0 
0 
0 
0 
0 
precipitate 


First  trial. 


Dialyzed  and  used  for  next 


Dialyzed  and  used  for  next. 
Dialyzed  and  used  for  next. 


Dialyzed  and  used  for  next. 
Dialyzed  and  used  for  next. 
Dialyzed  and  used  for  next. 


Dialyzed  and  used  for  next. 
Dialyzed  and  used  for  next. 
Dialyzed  and  used  for  next. 
Dialyzed  and  used  for  next. 


Dialyzed  and  )ised  for  next. 
Dialyzed  and  used  for  next. 
Dialyzed  and  used  for  next. 
Dialyzed  and  used  for  next 
Dialyzed  and  used  for  next. 


equivalents  of  hydroxide  of  Ca,  Sr  or  Ba  to  form  a  compound  which 
is  soluble  in  pure  water.  These  compounds  are  easily  precipitated 
from  their  water  solutions  by  a  minute  amount  of  a  soluble  salt  of 
Ca,  Sr  or  Ba. 

2.  In  these  di-basic  compounds,  100  grams  of  paracasein  coni- 
bine  approximately  (a),  with  0.90  gram  of  Ca  (equal  to  1.26  grams 
trf  CaO),  (b)  with  1.97  grams  of  Sr  (equal  to  2.33  grams  of  SrO' 
or  (c)  with  3.09  grams  of  Ba  (equal  to  3.45  grams  of  BaO). 

S.  It  is  indicated  that,  with  the  treatment  described  above. 
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1  gram  of  paracasein  combines  with  about  2.3  X  10-^  gram  equiva- 
lents of  the  hydroxide  of  Ca,  Sr  or  Ba  to  form  an  insoluble  com- 
pound. These  compoimds  are  regarded  as  mono-basic  para- 
caseinates. 

4.  In  these  insoluble  mono-basic  paracaseinates,  100  grams  of 
{paracasein  combine  approximately  (a)  with  0.46  gram  of  Ca 
(equal  to  0.64  gram  of  CaO),  (b)  with  1.01  grams  of  Sr  (equal  to 
1 .19  grams  of  SrO)  or  (c)  with  1.58  grams  of  Ba  (equal  to  1.76 
grams  of  BaO). 

5.  Mono-basic  paracaseinates  of  Ca,  Sr  and  Ba  are  completely 
soluble  in  warm  5  per  cent  solution  of  NH4CI,  NaCl  and  KCl. 
This  solubiUty  is  due  to  interchange  of  bases,  just  as  in  the  case  of 
caseinates  (p.  217) ;  the  reaction  was  studied  experimentally  with 
paracaseinates  and  the  same  results  obtained  as  in  the  case  of  the 
caseinates. 

6.  A  comparison  of  the  composition  of  the  caseinates  and  para- 
caseinates shows  that  twice  as  much  base  is  present  in  paracasein- 
ates as  in  the  corresponding  caseinates.  This  is  easily  seen  in  the 
following  table: 

TABLE  vn. 

Comparison  of  composition  of  caseinates  and  paracaseinates. 
Amount  of  basic  element  combined  milh  100  grams  of  casein  or  pnracnsein. 

BASIC  I      IN  MONO-BASIC      I       IN  MONO-BABTC  IN  DI-BASIC  I  IN  DI-BABIC 

BLBMBKT  CA8BINATB  |     PABACABBfNATB  CA8BINATB  |     PABACA8BINATB 


Ca 0.22         '  0.46 

Sr 0.48  1.01 

Ba 0.76  1.58 


0.44  to  0.46 
0.96  to  1.01 
1.51  to  1.58 


0.90 
1.97 
3.09 


Preparation  of  mono-  and  di-calcium  paracaseinates.  In  order 
to  study  the  composition  and  properties  of  these  compounds  fur- 
ther, preparations  of  the  mono- and  di-calcium  paracaseinates 
were  made.  The  first  steps  in  making  these  compounds  are  the 
same.  An  excess  of  ash-free  paracasein  is  agitated  with  lime-water 
until  a  saturated  solution  is  formed,  the  undissolved  paracasein 
being  removed  by  filtration.  To  the  solution,  j^  HCl  is  added  until 
a  permanent  precipitate  begins  to  appear.  The  solution  is  again 
filtered  and  then  dialyzed.  Alternate  addition  of  acid  and  dialysis 
are  continued  until  no  more  acid  can  be  added  after  dialysis  with- 
out causing  precipitation.     The  amount  of  3^  HCl  required  to 
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precipitate  all  the  paracasein  is  next  determined  in  an  aliquot 
portion,  and  one-third  that  amount  of  acid  is  added.  The  ablu- 
tion is  then  filtered  and  dialyzed.  This  solution  contains  di-csl- 
cium  paracaseinate.  This  solution  is  divided  into  two  portkms; 
in  one  the  di-calcium  paracaseinate  is  precipitated  by  addition  of 
acid-free  alcohol,  the  precipitate  being  washed  with  acid-free  alco- 
hol and  ether  and  being  dried  at  120°C.  This  preparation  was 
found  to  contain  between  4.2  X  10-^  and  4.6  X  10-^  gram  equiva- 
lents of  Ca  for  1  gram  of  paracasein. 

In   the  second  portion  of  di-calcium  paracaseinate  solutioii 
enough  /i  HCl  is  very  slowly  added  to  precipitate  three-fourths 
of  the  paracasein  in  solution.    The  precipitate  is  mono-calcium 
paracaseinate;  this  is  filtered,  washed  with  acid-free  alcohol  and 
ether  and  dried  at  120°C.    Before  being  washed  with  alcohol 
the  precipitate  is  completely  soluble  in  5  per  cent  solution  of  NaCL 
This  compound,  mono-calcium  paracaseinate,  is  identical  in  its 
properties  with  the  brine-soluble  compound  formed  in  Cheddar 
cheese,  to  which  attention  was  first  called  by  Van  Slyke  and  Hart 
under  the  expression,  "salt-soluble  compound."    Attention  will 
be  more  fully  called  to  this  compound  in  another  paper  (this  Jwr- 
naly  p.  231).    An  analysis  of  this  preparation  showed  it  to  contain 
between  2  X  10-^  and  2.3  X  10-^  gram  equivalents  of  Ca  for  1 
gram  of  paracasein. 

SUMMARY. 

1.  Acid  or  unsatiu'ated  caseinates  and  paracaseinates  of  NH«, 
Na  and  K  are  prepared  by  dissolving  the  ash-free  protrin  in  tb 
hydroxide  and  neutraUzing  very  carefully  by  successive  additions 
with  ^  HCl,  the  end  point  being  obtained  by  centrifuging  a  por- 
tion of  the  mixture  in  order  to  cause  sedimentation  of  any  precipi- 
tated protein;  the  desired  end  point  is  the  first  sign  of  a  permanent 
precipitate.  Protein  precipitated  by  0.20  cc.  of  tV  HCI  can  thus 
be  detected. 

2.  Results  show  that  1  gram  of  casein  forms  a  soluble  compound 
with  NH4,  Na  or  K,  corresponding  to  amounts  of  hydroxide  be- 
tween 1.10  X  10-^  and  1.15  X  10-^  grana  equivalents;  or  1  cc.  of 
^  alkali,  expressed  as  hydroxide,  combines  with  0.87  to  0.91  gram 
of  casein.  Corresponding  paracaseinates  are  formed  but  thev 
contain  twice  the  amount  of  basic  element  present  in  the  caseinates. 
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Such  compounds  are  called  mono-basic.    Mono-anmionium  (5asei- 
nates  were  prepared  in  dry  form  and  studied. 

3.  Acid  or  unsaturated  caseinates  and  paracaseinates  of  Ca,  Sr 
and  Ba  are  prepared  by  dissolving  ash-free  casein  in  ?ff  hydroxide 
and  proceeding  as  in  case  of  alkali  compounds,  except  that  when 
the  first  sign  of  a  permanent  precipitate  appears  on  the  addition 
of  HCl,  the  mixture  is  dialyzed  to  remove  the  chloride  formed, 
because  such  chloride  precipitates  the  caseinate  or  paracaseinate. 

4.  Two  sets  of  compounds  are  formed  with  Ca,  Sr  and  Ba,  mono- 
and  di-basic.  In  the  di-basic  caseinates,  which  are  soluble,  1  gram 
ot  casein  combines  with  2.25  gram  equivalents  expressed  as  hydrox- 
ide. These  compounds  are  easily  precipitated  by  soluble  salts  of 
Ca,  Sr  or  Ba.  In  the  mono-basic  ciaseinates,  which  are  insoluble, 
1  gram  of  casein  combines  with  1.125  X  10-^  gram  equivalents 
expressed  as  hydroxide.  In  the  paracaseinates,  twice  the  amount 
of  base  combines  with  the  protein  molecule;  1  gram  of  paracasein 
combines  with  4.50  gram  equivalents  expressed  as  hydroxide  in  the 
di-basic  compounds  and  with  2.35  in  the  mono-basic. 

5.  Mono-basic  ca^inates  and  paracaseinates  are  insoluble  in 
water  but  soluble  in  warm  5  per  cent  solution  of  NaCl,  NH4CI, 
KCl,  etc.  The  solubility  is  due  to  an  exchange  of  bases;  the  reac- 
tion, for  example,  between  mono-calcium  caseinate  and  NaCl 
results  in  the  formation  of  the  soluble  sodium  caseinate  and  CaCU. 
The  reaction  is  reversible. 
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(Received  for  publication,  February  4,  1913.) 

In  the  case  of  the  compound  of  casein  and  Ca  which  is  neutral  to 
phenolphthalein,  it  is  found  that  1  gram  of  casein  combines  with 
9  X  10^  gram  equivalents  of  Ca.  In  the  case  of  the  mono- 
ammonium  caseinate,  the  combination  is  in  the  proportion  of  1 
gram  of  casein  to  a  value  between  1.1  X  10^  and  1.15  X  10~* 
gram  equivalents  expressed  as  hydroxide  (this  Journal^  page  213.) 
Now,  since  we  have  one  compound  of  known  composition  and 
another  of  approximately  known  composition,  it  should  be  possible 
by  applying  the  rule  of  constant  proportions  to  determine  the  true 
composition  of  the  mono-basic  caseinate  and  also  the  number  of 
valencies  satisfied  in  the  caseinate  that  is  neutral  to  phenol- 
phthalein. 

We  have  reason  to  believe  that  the  proportion,  1  gram  of  casein 
to  1.125  X  10-^  gram  equivalents  of  alkali  hydroxide,  is  the  true* 
value,  since,  first,  this  lies  between  the  two  limits  (1.10  and  1.15) 
found  in  our  volumetric  work;  and,  second,  this  figure  agrees  with 
that  found  by  assuming  a  valency  of  8  for  the  basic  calcium  casei- 
nate, in  which  1  gram  of  casein  combines  with  9  X  10-^  gram  equiv- 
alents of  Ca.  Thus,  if  the  valencies  satisfied  are  8,  the  proportion 
becomes  1  gram  of  casein  to  1.125  X  10-^  gram  equivalents  of 
alkali,  expressed  as  hydroxide,  for  monobasic  caseinates.  If, 
however,  we  were  to  assume  that  the  number  of  valencies  in  the 
basic  compound  is  7  rather  than  8,  then  the  mono-basic  salt  would, 
theoretically,  have  the  composition,  1  gram  of  casein  to  1.285  X  10^ 
gram  equivalents  of  alkali,  expressed  as  hydroxide,  a  value  too 
high  for  our  analytical  results.  If,  on  the  other  hand,  we  were  to 
assume  the  numbers  of  valencies  in  the  basic  compound  to  be  9 
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(instead  of  8),  then  the  proportion  in  the  mono-basic  compouiKi 
would  become  1  gram  of  casein  to  1  X  10^  gram  equivalents  of 
alkali,  expressed  as  hydroxide,  a  value  too  low  for  our  analytkal 
results  obtained  with  mono-ammonium  and  other  alkali  caseinates. 
Therefore,  assuming  8  as  the  true  valency  of  basic  calcium  casein- 
ate  gives  the  value,  1  gram  of  casein  to  1.125  X  10^  gram  equiva- 
lents of  alkali,  expressed  as  hydroxide,  a  result  which  agrees 
with  the  volumetric  results  obtained  in  the  case  of  the  mono-alkati 
caseinates. 

Using  the  sulphur  content  as  a  basis  on  which  to  calculate  the 


/32.07\ 


molecular  weight  of  casein,  we  have  nil  100  =  n4454-|-. 

If  the  value  of  n  is  2,  the  molecular  weight  becomes  8908,  which 

is  in  close  agreement  with  the  value  previously  foimd,  8888. 

Using  the  amount  of  phosphorus  in  casein  as  a  basis  for  caler 

/31.04\ 
lating  the  molecular  weight,  we  have  n  (      '      1  100   =  n4372-, 

which  becomes  8744  if  the  value  of  n  is  2. 

On  the  basis  of  8  representing  the  true  number  of  valencies 
satisfied  in  the  basic  calcium  caseinate  molecule,  the  molecular 

weight  of  casein  is  (  -  ^^.       ^  —  j  or  8888  + .     Robertson  reaches 

similar  results^  by  deducing  the  molecular  weight  of  casein  in  several 
different  ways.     This  would  also  make  the  equivalent  weight  d 

8888  _^. 

casein  equal  to  "z —    or  1 1 1 1 .   This  value  is  in  close  agreement  with 

o 

the  equivalent  weight  assigned  by  other  workers  to  casern  prepared 
from  cow's  milk.  Laqueur  and  Sackur  give  about  1 135,*  Matthaio- 
paulos  gives  1131.5;'  Long  gives  1124.* 

As  a  result  of  the  work  done  by  us  it  would  se^n  possible,  theo- 
retically, to  prepare  a  series  of  not  less  than  eight  combinations 
of  casein  with  each  of  the  basic  elements  studied.  According  to 
what  we  have  reason  to  believe  at  the  present  time,  not  less  than 
four  of  these  combinations  have  been  prepared.  Using  the  cal- 
cium compounds  for  illustration  we  have  the  following  s^ics: 

*  Journ.  of  Physical  Chem.,  xv,  p.  179,  1911. 
2  Hofmeister's  Beitrdge,  iii,  p.  193,  1902. 

*  Zexlachr,  f,  anal,  Chem.^  xlvii,  p.  492,  1908. 

*  Journ.  Amet,  Chem,  Soc,  xxviii,  p.  372,  1906. 
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MAMS  OP  COMPOUND 


Mono-calcium  caseinate. . . 

Di-calcium  caseinate 

Neutral  calcium  caseinate. 
Basic  calcium  caseinate. . . 


OBAMB  OF  Ca  for  100  ORAM8 
OF  CASEIN 


0.22  (equal  to  0.31  CaO)  1 

0.44  (equal  to  0.62  CaO)  2 

1.07  (equal  to  1.50  CaO)^  5 

1.78  (equal  to  2.50  CaO)!  8 


VALSNCIBS  8ATIBFISD 


It  is  noticeable  that,  in  this  series,  compounds  are  absent  repre- 
salting  valencies  of  3,  4,  6  and  7.  Whether  such  compounds  can 
be  prei)ared  we  cannot  say  at  present. 

VAUENCY  OP  PARACASEIN  MOLECULE  AND  MOLECULAR  WEIGHT  OF 

PARACASEIN. 

i 

In  the  case  of  basic  calcium  paracaseinate,  the  compound  that 
is  neutral  to  phenolphthalein,  it  is  found  that  1  gram  combines 
with  9  X  10-^  gram  equivalents  of  Ca,  while  in  the  case  of  mono- 
ammonium  paracaseinate,  the  combination  is  in  the  ratio  of  1 
gram  of  paracasein  tp  a  value  between  2.2  X  10^  and  2.3  X  10~* 
gram  equivalents  (this  Journal  p.  223).    According  to  the  rule  of 

constant  proportions,  the  number  of  valencies  satisfied  in  the  first 

9  9 

compound  would  be  between-^^^  and  -^^-^  or  4.     The  molecular 

weight  of  paracasein  would,  therefore,  be  I  <7oe  y  in~4 )  or  4444  +. 

Out  results  indicate  that  the  molecular  weight  of  casein,  8888,  is 
just  twice  that  of  paracasein,  4444. 

Calculated  on  the  basis  of  the  sulphur  content,  the  molecular 


\  0.72  / 


weight  of  paracasein  would  be  n  I  )  100  =  n4454+;  on  the 

(31.04\ 
——- )  100  = 

n4372— .  The  value  of  n  would  seem  to  be  1  and  each  molecule 
of  paracasein  would  contain  one  atom  each  of  sulphur  and  phos- 
phorus. 

Theoretically,  it  should  be  possible  to  make  a  series  of  four 
salts  of  paracasein.  We  have  prepared  three — those  in  which  1, 
2  and  4  valencies  are  satisfied  (pp.  219,  223). 

In  connection  with  the  relative  molecular  weights  of  casein 
and  paracasein,  the  facts  indicate  that  the  action  of  the  principal 
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enzyme  contained  in  rennet-extract  splits  the  casein  molecule  into 
two  molecules  of  paracasein,  an  effect  opposite  that  advocated  by 
some  who  believe  that  the  paracasein  molecule  is  a  larger  aggrega- 
tion than  that  of  casein.  The  following  experiment  supports  our 
view: 

Five  grams  of  casein  are  dissolved  in  250  cc.  of  ^^-KOH.  Usmg 
the  volumetric  method  given  elsewhere  (this  Journal,  p.  212),  it  k 
found  that  44.5  cc.  of  Tif  HCl  could  be  added  to  50  cc.  of  the  casei- 
nate  solution,  containing  1  gram  of  casein,  before  a  permaneat 
precipitate  begins  to  appear.  To  another  50  cc.  of  caseinate  solu- 
tion a  few  drops  of  neutral  rennet-extract  are  added.  Under  the 
conditions  of  the  experiment,  no  precipitate  or  curd  is  produced 
by  the  action  of  the  rennet-enzyme.  After  a  few  minutes,  some 
^  HCl  is  added  and  it  is  found  that  a  permanent  precipitate  begins 
to  form  as  soon  as  we  add  only  39  cc.  of  -^  HCl. 

We  have  in  hand  a  more  extended  investigation  relating  to  the 
action  of  rennet-enzyme  upon  casein,  the  results  of  which  will  be 
published  later. 

SUMMABT. 

On  the  basis  of  the  anal)iiical  results  obtained  in  the  study  of 
the  composition  of  the  mono-basic  and  basic  caseinates  and  parft; 
caseinates,  the  molecular  weight  of  casein  is  8888,  that  of  para- 
casein, 4444.  The  valency  of  the  protein  molecule  in  basic  case- 
inates is  8,  in  basic  paracaseinates,  4. 


COMPOSITION  AND  PROPERTIES  OF  THE  BRINE- 
SOLUBLE  COMPOUND  IN  CHEESE. 

By  LUCIUS  L.  VAN  SLYKE  and  ALFRED  W.  BOSWORTH. 

{JPnym  the  Chemical  Laboratory  of  the  New  York  State  Agricultural  Experi^ 

ment  Station,  Geneva,  N.  Y,) 

(Received  for  publication,  February  4,  1913.) 

Ehiring  the  manufacture  and  ripening  of  Cheddar  cheese  and  of 
many  other  kinds  of  cheese,  there  is  always  found  a  protein  that  is 
soluble  in  a  warm  5  per  cent  solution  of  NaCl.    The  existence  of 
such  a  substance  in  Cheddar  cheese  was  first  brought  to  atten- 
tion by  work  done  in  this  laboratory.*    The  presence  of  this  brine- 
soluble  protein  was  shown  to  be  associated  in  some  way  with  the 
formation  of  acid  in  the  cheese  and,  on  the  basis  of  some  early 
experiments,  VanSlyke  and  Hart  were  led  to  conclude  erroneously 
that  the  substance  consists  of  a  combination  of  paracasein  and  lac- 
tic acid  (called  by  them  paracasein  mono-lactate),  which  by  the 
addition  of  more  lactic  acid  becomes  insoluble  in  dilute  brine  solu- 
tion, forming  a  compound  which  they  mistakenly  regarded  as 
paracasein  di-lactate.    As  a  result  of  later  work,*  they  changed 
their  first  views  and  came  to  the  conclusion  that  the  so-called  para- 
casein mono-lactate  is  simply  the  uncombined  protein,  paracasein, 
and  that  the  so-called  paracasein  di-lactate  is  stf  compound  of  para- 
casein and  lactic  acid  (1  gram  of  paracasein  uniting  supposedly 
with  about  0.5  cc.  of  Sr  acid).    It  may  be  stated  here,  in  passing, 
that  it  was  later  shown  by  L.  L.  VanSlyke  and  D.  D.  VanSlyke' 
that  the  protein  casein  does  not  unite  with  acids  to  form  insoluble 
compounds  but  that  the  action  is  simply  one  of  adsorption,  by 
which  more  or  less  acid  is  taken  from  the  surrounding  solution  and 
concentrated  upon  the  surface  of  the  solid  particles  of  protein; 
in  other  words,  it  was  shown  that  casein  or  paracasein  mono-lac- 

*  Amer.  Chem.  Journ,,  xxviii,  p.  411,  1902. 
« JfetU,  xxxiii,  p.  461,  1905. 
» Ibid.,  xxxviii,  p.  383,  1907. 
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tate  and  di-Iactate  have  no  existence  as  applied  to  the  compound  in 
question.    It  still  remained,  therefore,  to  find  out  what  the  brine- 
soluble  substance  really  is,  and  work  was  continued  along  this  line 
by  the  writers.*    We  noticed  that  calcium  is  always  to  be  found 
associated  with  the  brine-soluble  substance  when  it  is  separated 
from  the  other  cheese  constituents  by  extraction  with  a  solution 
of  calcium-free  NaCl  after  previous  removal  of  all  water-soluble 
constituents.    This  fact  suggested  the  possibility  that  the  brine- 
soluble  substance  might  be  a  combination  of  paracasein  and  cal- 
cium, containing  less  calciiun  than  had  been  previously  found  in 
any  combination  of  this  element  with  paracasein.    On  the  basis 
of  such  a  possibility,  it  could  be  explained  that  with  the  formatioD 
of  increased  amoimts  of  lactic  acid  in  cheese-making,  as  a  result  of 
the  bacterial  decomposition  of  milk  sugar,  the  acid  would  combine 
with  more  or  less  of  the  calcium  contained  in  calcium  paracasei- 
nate,  resulting  in  the  production  of  a  paracaseinate  containing 
less  calciiun.    This  suggestion  was  strengthened  by  the  fact  that 
in  Camembert  cheese,  the  brine-soluble  compound  is  formed  during 
certain  stages  of  the  manufacturing  process  but  soon  disappears. 
its  formation  and  disappearance  being  explained  as  follows,  accord- 
ing to  Bosworth  :^  The  brine-soluble  substance  is  at  first  formed  in 
Camembert  cheese,  as  also  in  the  case  of  Cheddar  cheese,  but, 
owing  to  the  method  of  making  this  type  of  cheese,  more  acid  k 
allowed  to  form  in  Camembert  cheese,  and,  as  a  consequence,  the 
brine-soluble  substance  loses  its  calciiun  and  becomes  free  para- 
casein, which  is  insoluble  in  brine  solution.    Therefore,  in  the  man- 
ufacture of  Camembert  cheese,  it  is  found  that  after  the  first  few 
hours  the  cheese  contains  no  brine-soluble  material,  and,  what  is 
also  significant,  all  the  calcium  is  found  in  the  water  extract. 
The  relation  between  the  brine-soluble  substance  and  the  calciuni 
found  in  the  brine  extract  in  the  two  types  of  cheese  is  illustrated 
in  Table  1. 

The  question  necessarily  suggests  itself  whether  the  calciun) 
always  found  in  the  brine-soluble  extract  of  cheese  is  not  thwe 
incidentally  in  a  mechanical  state  rather  than  in  a  combination  with 
paracasein.  In  order  to  study  this  question,  the  following  work 
was  done: 

*  Technical  Bulletin  No.  4, 1907,  New  York  State  Agric.  Exp.  Sta. 
»  Technical  BuUetin  No.  5, 1907,  New  York  State  Agric.  Exp.  SU. 
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Twenty-five  grams  of  cheese  were  ground  with  sand  and  ex- 
tracted with  water  at  about  55**C.,  using  150  ec.  portions  until  the 
extract  amounted  to  1000  cc.    The  residue,  containing  the  brine- 
soluble  substance,  was  placed  in  a  dialyzing  apparatus  and  allowed 
to  dialyze  to  insure  the  removal  of  all  soluble  calcium.    Sodiiun 
cliloride  was  then  added  to  the  contents  of  the  dialyzing  tube, 
which  was  then  placed  in  a  beaker  of  water  and  allowed  to  remain 
four  hours.    Upon  adding  ammonimn  oxalate  to  some  of  the  water 
in  the  beaker,  a  precipitate  of  calcium  oxalate  appeared.    This 
result  leads  to  the  belief  that  the  Ca  is  present  in  combination  in  an 
insoluble  form  and  that  an  interchange  takes  place  between  it  and 
Na,  when  the  insoluble  compound  is  treated  with  NaCl  solution. 

TABLE  I. 
Comparison  of  jchangea  in  Cheddar  and  Camembert  cheese. 


AGE  or  CHBB8K 


KI>n>  OF  0BBB8B 


When  curd  was  cut Cheddar 

When  curd  was  cut Camembert 

Ten  hours ;  Cheddar 

Ten  hours (  Camembert 

Two  days Cheddar 

Two  days I  Camembert 

Four  months '  Cheddar 


TOTAL  NITBOOBN 

IN  THB  FORM  OF 

BBINS-SOLUBLE 

COMPOUND 

percerU 

3.13 

6.72 
96.00 
94.00 
68.87 

4.39 
43.09 


PBB  CBNT  OF  TOTAL 

CALCIUM  FOUND  IN 

BBINB-60LUBLB 

COMPOUND 


trace 
trace 
27.96 
17.76 
24.47 
trace 
24.28 


In  order  to  throw  further  light  on  the  character  of  the  brine- 
soluble  compoimd,  a  study  was  made  of  the  solvent  effect  of  sev- 
eral different  chlorides.  One  kilogram  of  Cheddar  cheese  was 
groimd  fine,  thoroughly  mixed,  and  then  25-gram  portions  were 
ground  with  sand,  placed  in  bottles  and  extracted  with  water  in 
the  manner  described  in  the  preceding  paragraph.  The  residues 
were  then  extracted  with  solutions  of  chlorides  and  the  results 
given  in  the  following  table  were  obtained.  The  solutions  of  the 
salts  were  used  in  such  strengths  that  1000  cc.  contained  equival- 
ent gram  molecules.  In  the  case  of  the  weakest  solution,  extrac- 
tion was  continued  as  long  as  appreciable  amounts  of  protein 
were  obtained  in  the  extract,  4000  cc.  being  used;  the  results  in 
these  cases  are  given  for  each  1000  cc.  of  extract  as  well  as  for  the 
total. 


In  connection  with  the  data  in  the  preceding  table,  attention  is 
called  to  certain  phases  of  the  results. 

1.  The  chlorides  of  Ba  and  Ca  have  no  solvent  effect.  The 
chloride  of  Mg  in  strong  molecular  concentrations  acts  much  like 
the  chlorides  of  the  alkalies,  while  in  lower  molecular  concen- 
trlitions  its  solvent  power  is  greatly  reduced. 

2.  Sammis  and  Hart*  attempted  to  study  the  solvent  effect  rf 
these  salts  on  the  same  material,  but  reached  results  not  ooneordiint 
with  one  another  and  not  in  agreement  with  ours.  "WMc  we  used 
solutions  of  such  strength  as  to  show  the  relation  existing  between 
the  solvent  action  of  the  salt  solution  and  its  molecular  concentra- 
tion, they  used  solutions  containing  a  uniform  percentage  bj 
weight  of  different  salts  and  extracted  in  every  case  with  the  saw 
volume  of  solution.  By  using  solutions  of  different  salts  hamf 
the  same  percentage  composition  by  weight,  but  with  a  different 
molecular  concentration,  one  would,  under  the  circumstancea, 
expect  to  obtain  only  discordant  results,  because  the  solvent 
effect  of  the  solution  is  apparently  a  result  of  the  mass  actioa 
of  the  salt  in  solution,  as  shown  by  us  (this  Journal,  p.  217).  If 
Sammis  and  Hart  had  in  their  work  continued  extraction  until 
no  more  solvent  effect  was  appreciable,  their  results  would  h»" 
been   in   satisfactory  agreement  with  ours.      This  is  striking 

'  This  Jovrnol,  vi,  p.  181, 1909. 
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shown  in  the  above  table  in  the  case  of  the  0.2  n  solutions;  by 
continued  extraction  the  total  amounts  extracted  are  found  to 
be  essentially^  the  same  as  in  the  more  concentrated  solutions. 

Ideniiiy  of  the  brine-soluble  compound  of  cheese  with  mono^aJcium 

yaracaseinaie. 

We  have  shown  (this  Journal^  p.  223)  that  paracasein  combines 
with  Ca  to  form  a  compound  insoluble  in  water  but  soluble  in  6 
per  cent  solution  of  NaCl  (Na  replacing  Ca).    In  this  compound 
we  have  shown  that  1  gram  of  paracasein  is  in  combination  with 
2.25  X10~*  gram  equivalents  of  Ca.    Indications  pointed  to  the 
identity  of  the  brine-soluble  substance  of  cheese  with  this  mono- 
calcium  paracaseinate,  and  it  remained  to  ascertain  whether  the 
protein  part  of  the  molecule  in  these  two  compounds  is  the  same. 
In  order  to  accomplish  this,  a  preparation  of  the  protein  in  the 
brinensoluble  compound  was  made  from  cheese,  and  its  composition 
and  properties  were  studied. 

One  kilogram  of  Cheddar  cheese  was  ground  fine  and  then  ex- 
tracted with  numerous  portions  of  distilled  water  at  about  55°C. 
in  order  to  remove  all  soluble  compounds.  The  residue  was  then 
extracted  with  many  portions  of  a  5  per  cent  solution  of  NaCl 
and  filtered,  first  through  absorbent  cotton  and  then  through 
paper.  Dilute  acetic  acid  was  then  added,  giving  a  heavy  precipi- 
tate, which  was  washed  with  water,  redissolved  in  dilute  ammonia 
and  again  precipitated  with  acid.  The  process  was  then  com- 
pleted as  in  the  preparation  of  casein  (this  Journal,  p.  204).  The 
preparation  on  analysis  gave  the  following  results:  Moisture, 
2.32;  ash,  0.25  per  cent.  In  the  dry  substance,  C,  52.97;  H,  7.15; 
N,  16.82;  P,  0.75;  S,  0.78;  0(by  difference),  22.28. 

A  study  of  the  properties  of  this  substance  gave  the  following 
results: 

1.  The  substance  is  found  to  act  as  an  acid  in  combining  with 
bases. 

2.  It  decomposes  CaCOs  and  gives  a  compound  in  which  100 
grams  of  substance  combine  with  the  equivalent  of  2.52  grams  of 
CaO  (equal  to  1.80  grams  of  Ca),  or,  1  gram  of  substance  combines 
with  9X10~*  gram  equivalents  of  Ca. 
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3.  The  solution  of  this  calcium  compound  is  neutral  to  phenoJ- 
phthalein. 

4.  Measured  by  the  volumetric  method  it  was  found  to  fonn  a 
compound  with  anmionium  represented  by  the  combination  of 
1  gram  of  substance  with  2.3X10~*  gram  equivalents,  expressed 
as  hydroxide. 

5.  With  Ca  it  forms  a  compound,  soluble  in  5  per  cent  solution 
of  NaCl  but  insoluble  in  water,  which  contains  1  gram  of  sub- 
stance combined  with  2.3X10"^  gram  equivalents  of  Ca. 

6.  It  forms  also  a  compound  with  Ca  that  is  soluble  in  water, 
containing  1  gram  of  substance  combined  with  4.5X10"*  gram 
equivalents  of  Ca. 

In  view  of  the  njarked  agreement  of  the  composition  and  proper- 
ties of  the  brine-soluble  substance,  formed  in  cheese,  with  the 
compound,  mono-calcium  paracaseinate,  as  prepared  by  us,  there 
is  good  rea^n  to  believe  that  the  brine-soluble  substance  is  mono- 
calcium  paracaseinate,  having  the  composition  of  1  gram  of  para- 
casein combined  with  2.25X10"'^  equivalents  of  Ca. 

SUMMARY. 

In  many  kinds  of  cheese  there  is  always  present  a  protein  soluble 
in  warm  5  per  cent  solution  of  NaCl.  Previous  efforts  to  determine 
the  exact  relation  of  this  substance  to  casein  or  paracasein  have 
resulted  in  erroneous  conclusions.  An  extended  study  of  its  pro- 
perties and  composition  indicates  the  substance  to  be  mono-cal- 
cium paracaseinate,  formed  from  calcium  paracaseinate  by  remo- 
val of  part  of  its  Ca  through  lactic  acid  produced  in  the  process  of 
cheese  making  as  a  result  of  the  action  of  lactic  acid  bacteria  upon 
the  milk  sugar. 


ON  THE  RATE  OF  EXTRACTION  OF  A  PROTEIN  (SAL- 
MINE)  FROM  DESICCATED  TISSUE  BY  AN 

AQUEOUS  SOLVENT. 

By  T.  BRAILSFORD  ROBERTSON. 

{From  the  Rudolph  Spreckels  Physiological  Laboratory  of  the  University  of 

California.) 

(Received  for  publication,  Februarys,  1913.) 

The  testicles  of  the  Pacific  sahnon  {Oncorhynchua  tschawytscha, 
Wahlbaum)  which  had  been  preserved  and  hardened  in  50  per 
cent  alcohol  for  two  years  preceding  the  experiment,  were  minced 
and  the  spermatozoa  shaken  out  into  a  large  bul]c  of  distilled  water. 
The  suspension  of  sperm  which  was  thus  obtained  was  decanted 
from  the  bulk  of  the  connective  tissue  and  then  filtered  through 
glass  wool.  The  spermatozoa  were'then  agglutinated  by  the  addi- 
tion of  80  cc.  of  "  acetic  acid  per  liter  of  suspension  and  allowed 
to  settle  out,  the  supernatant  fluid  being  removed  by  decantation. 
The  spermatozoa  were  then  suspended  in  a  volume  of  95  per  cent 
alcohol  equal  to  the  volume  of  the  original  suspension.  After 
settling,  the  supernatant  fluid  was  syphoned  off  and  replaced  by 
the  same  volume  of  95  per  cent  alcohol.  After  again  allowing  the 
sperm  to  settle  and  removing  the  supernatant  fluid,  they  were 
suspended  in  a  volume  of  ether  equal  to  one-half  of  the  volume  of 
the  original  aqueous  suspension.  After  again  allowing  the  sperm 
to  settle,  the  supernatant  ether  was  removed  by  decantation,  the 
sperm  collected  in  a  cloth  and  the  greater  part  of  the  ether  squeezed 
out  of  them.  They  were  then  spread  out  upon  bibulous  paper  to 
dry  in  the  air  of  a  warm  room.  The  desiccated  spermatozoa  were 
thus  obtained  in  the  form  of  a  yellowish  powder  containing  some 
coarse  particles.  The  pK)wder  was  sifted  through  a  very  fine  sieve, 
and  the  portion  which  passed  through  the  sieve  was  employed 
in  the  experiment  which  is  about  to  be  described. 

One  hundred  and  fifty  cubic  centimeters  of  an  aqueous  solution 
of  hydrochloric  acid  containing  1.35  per  cent  of  HCl  were  placed 
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in  a  beaker,  of  which  the  diameter  of  the  base  was  7.5  cm.,  and 
agitated  by  a  glass  rod  which  was  bent  to  an  angle  of  45°  from  the 
verticle  and  the  tip  of  which,  when  rotated,  described  a  circle  d 
about  7  cm.  diameter.  The  rod  was  rotated  by  a  small  motor 
at  the  very  nearly  constant  rate  of  1600  revolutions  per  minute. 
The  temperature  was  that  of  the  room. 

Forty-five  grams  of  the  dried  sperm  were  dropped  into  this 
fluid  while  stirring,  and  150  cc.  more  of  the  1.35  per  cent  HQ 
were  immediately  added.  The  entire  process  of  dropping  in  the 
sperm  and  adding  more  fluid  occupied  less  than  fifteen  seconds. 

At  the  intervals  stated  below  samples  of  the  mixture  were  almost 
instantaneously  withdrawn  by  means  of  a  20  cc.  pipette  provided 
with  a  rubber  bulb.  The  samples  were  then  very  rapidly  filtered 
under  pressure  through  small  dry  pads  of  asbestos  in  Gooch  cru- 
cibles, the  filtrates  being  collected  in  dry  flasks.  The  refractive 
index  of  the  filtrate  from  each  sample  was  then  determined, 
employing  a  Pulfrich  refractometer  and  a  sodium  flame  as  Uie 
source  of  light.  Denoting  the  refractive  index  of  the  filtrate  from 
any  given  sample  by  n  and  that  of  the  pure  solvent  (1.35  percent 

HCl)   by  ri],  the  quotient  J^   is  the  number  of  grams  of 

salmine  dissolved  in  100  cc.  of  the  solvent  at  the  moment  when 
the  sample  was  abstracted.* 

The  relationship  which  was  found  to  subsist  between  the  period 
of  extraction  and  the  mass  of  salmine  extracted  is  displayed  graphi- 
cally in  the  accompanying  figure.  It  will  be  seen  that  the  rate  of 
extraction  is  at  first  very  great,  but  that  it  very  rapidly  falls  off. 
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It  does  not  fall  to  zero,  however;  in  other  words,  the  curve  does  not 
approach  an  asymptote,  in  which  respect  it  differs  very  strikingl}' 

»  T.  Brailsford  Robertson:  This  Journal,  xi,  p.  307,  1912. 
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from  the  curve  which  depicts  the  progress  of  a  chemical  reaction 
or  of  the  solution  of  a  crystalloid. 

This  is  the  type  of  relationship  which  I  have  previously  found  to 
subsist  between  the  mass  of  casein  dissolved  by  dilute  alkali  and  the 
period  during  which  the  casein  is  in  contact  with  the  solvent.* 
It  is  the  relationship  which  Cameron  and  Bell*  and,  later,  Ostwald 
and  Goppelsroeder*  found  to  subsist  between  the  amount  of  fluid 
absorbed  by  a  colimm  of  sand  or  of  a  strip  of  filter  paper  and  the 
time  durmg  which  the  fluid  has  remained  in  contact  with  a  portion 
of  its  surface.  This  relationship  may  be  expressed  by  the  formxda 
X  =  Kf^j  where  x  is  the  amount  of  fluid  absorbed  (or  casein  dis- 
solved, or  salmine  extracted)  and  t  is  the  time,  K  and  m  being 
constants.  In  the  accompanying  table  the  values  of  x  found  in 
the  above  experiment  and  those  calculated  from  the  formula  are 
compared,  the  constants  K  and  m  being  determined  from  all  of 
the  observations  by  the  method  of  least  squares,  employing  for 
this  purpose  the  form: 

logiox  =  m  logiof  +  logioit 

The  possible  experimental  error  in  the  determination  of  the 
concentration  of  a  salmine  solution  by  means  of  its  refractive  index 
(due  to  an  error  of  ^  1'  in  reading  the  angle  of  total  reflection) 
is  =fc  0.05  gram  per  100  cc.  It  will  be  seen  that  the  differences 
(=A)  between  the  observed  and  calculated  values  of  x  are  con- 
siderably less  than  the  possible  error  in  the  determination  of  the 
concentration  of  the  salmine  in  the  filtrates. 

The  extreme  rapidity  with  which  the  salmine  leaves  the  tissue 
in  the  first  few  moments  of  the  extraction  and  the  slowness  with 
which  the  remaining  amount  is  extracted,  very  vividly  remind 
one  of  the  extreme  velocity  with  which,  during  the  first  instants, 
a  liquid  mounts  a  capillary  tube  and  of  the  exceedingly  slow 
"creeping*'  of  the  liquid  up  the  sides  of  the  tube  which  is  still 

*  T.  Brailsford  Robertson:  Journ.  of  Physical  Chem.y  xiv,  p.  377, 1910. 

*  Cameron  and  Bell:  Bulletin  No.  30,  p.  50,  Bureau  of  Soils,  U.  S.  Dept. 
of  Agriculture,  1905;  Journ.  of  Physical  Chem.,  x,  p.  658,  1906. 

*Wo.  Ostwald:  Zeitschr.  f.  Kolloidchemie,  (2  Supplementheft),  1908;  F. 
Groppelsroeder:  Verhandl.  nalurforsch.  Geselhch.  zu  Basel,  xix,  Heft  2,  1907. 
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obeervable  many  hours  after  the  rapid 
Bearii^  in  mind  the  fact  that  the  fonnuL 
time  relations  in  such  indubitably  capill 
absorption  of  water  by  soils  or  filter-pape 
elude  that  the  forces  which  determine  tl 
salmine  from  dried  spermatozoa  are  capills 
time  we  may  infer  that  the  accompanyl 
(decomposition  of  compounds  of  salmine  ^ 
tion  of  salmine  chloride,  etc.)  take  plac 
great  velocity,  so  that  they  do  not  appre< 
the  extraction. 

Whether  the  capillary  forces  affect  the  rs 
determining  the  rate  of  penetration  of  the 
through  determining  the  rate  at  which  the 
from  the  tissue  particles,  these  experimer 
decide. 


The  rate  of  extraction  of  salmine  from 
dilute  acid  may  be  expressed  by  the  formt 
signifies  the  amount  of  salmine  extracted, 
extraction  and  m  and  K  are  constants. 

The  rate  of  extraction  of  salmine  from 
dilute  acid  is  determined  by  capillary  forci 
chemical  phenomena  (decomposition  of  compounds  of  .-almiDe 
within  the  tissue,  formation  of  salmine  chloride,  etc.)  occur  at  & 
relatively  very  great  velocity  and  hence  do  not  affect  the  rate  of 
extraction. 


A    QUANTITATIVE    CHEMICAL   ANALYSIS    OF   HUMAN 

BILE.I 

By  JACOB  ROSENBLOOM. 

(^Prom  the  Laboratory  of  Biochemistry  of  the  University  of  Pittsburghf  Pitts- 

burght  Pa,) 

(Received  for  publication,  February  10,  1913.) 

Through  the  kindness  of  Dr.  William  Weinberger  of  the  Lebanon 
Hospital,  New  York,  there  was  placed  at  the  disposal  of  the  writer 
3180  cc.  of  bile  obtained  from  a  patient  with  a  biUary  fistula. 
Since  there  are  very  few  analyses  of  perfectly  fresh  human  bile 
on  record  it  was  thought  that  an  analysis  of  this  fluid  by  modern 
methods  would  prove  of  interest. 

One  liter  of  the  bile  was  treated  with  calcium  oxide*  and  evap- 
orated to  dryness  at  40**C.  This  material  was  powdered  and 
placed  in  vacuo  over  sulphuric  acid  imtil  of  constant  weight.  Por- 
tions were  then  weighed  out  for  estimation  of  the  lipins.  This 
was  carried  out  according  to  methods  described  in  former  papers.' 
The  cholesterol  and  cholesterol  esters  were  estimated  by  the 
excellent  method  of  Windaus.  The  other  constituents  were 
estimated  according  to  the  methods  described  in  Hoppe-Seyler*s 
Handbuch  (1909,  p.  712). 

The  bile  was  preserved  durmg  the  coUection  by  the  addition 
of  a  few  cubic  centimeters  of  toluene.  It  had  all  the  appearances 
of  normal  bile,  with  a  specific  gravity  of  1.020. 

The  accompan3dng  table  contains  a  summary  of  the  data  from 
various  analyses  of  supposedly  normal  himian  bile  that  have  ap- 
peared in  the  literature,  together  with  the  results  obtained  in  this 
study. 

>  Some  of  the  data  contained  in  this  paper  were  obtained  by  the  writer 
in  the  Laboratory  of  Biological  Chemistry  of  Columbia  University,  at  the 
College  of  Physicians  and  Surgeons. 

*  This  was  added  to  form  an  insoluble  compound  with  the  bile  pigments, 
which  otherwise  would  have  appeared  in  the  ether  and  alcohol  extracts. 

*  Hanes  and  Rosenbloom:  Journ.  of  Exp.  Med.,  xiii,  p.  355,  1911;  Rosen- 
bloom:  this  Journal,  xiii,  p.  511,  1913. 
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Results  are 


exprd 


OBSSBVaBS 

Source 

Bile  salts 

Mucin  and  pigment. 

Cholesterol 

Fat 

SoapiS 

Lecithin 

Total  solids 

Inorganic 

Water 

Fatty  acids 

OBBKBVBBS 

Source 

Bile  salts 

Mucin  and  pigments 

Cholesterol 

F&t 

Soaps. 

Lecithin 

Total  solids 

Inorganic 

Water 

Fatty  acids 


rSBBICHB^ 


Bhuider  bile 


GOBUF-BSSANXK* 


Bladder  bile 


72.2 

26.6 

1.6 

3.2 


140.0 

6.6 

860.0 


91.4 

29.8 

2.6 

9.2 


148.0 

7.7 

859.2 


Bbddff 
bile 


} 


107.9 
22.1 


56.5 
14:5 


47.3  I    >    30.9 


177.3 

10.8 

822.7 


101.9 
6.3 

898.1 


390 

12.9 

3.5 

73 

139 

5.3 

376 


COPBlfAN* 

wqcstomu 


TBO  * 

RSBBonir*' 


Biliary 
fistula 


Biliary 

fistula 

(oanoer) 


bobsonm 


Biliary 
fistula 


PATOV  *  BALTOXrH 


Bfllary  fistolft 


6.3 
2.5 

10 

14.23 
4.5 
985.6 


2.2 
1.5 

y       0.38t 

12.8 

8.8 

987.2 


7.6 

1.3 

0.45 

0.12 

0.97 

18.0 

7.6 

981.9 


4.0 

7.1 

0.53 

0.09 

0.15 

11.9 

988.0 


1 


35 
4.6 

0.75 

15.3 

6.4 

9S48 


*  Six  analjrses  of  bladder  bile  from  ehlldren  of  the  foUowlnc  aces:  1  day;  1  moDth;  2  montb; 
5  months;  9  months;  1  year.    Figures  Id  this  column  reprfsent  minimum  and  maxUnum  t«Ib» 
t  Includes  lecithin  and  fatty  acld^. 


*Ann,f.d.  ges.  Heilk,    v,  p.  42, 1845. 
•  Vierleljahreachr.  f,  prakt.  PharmakoL,  iii,  p.  86,  1861. 
«  Hoppe-Seyler:  Physiologischs  Chemie,  1877-1881,  pp.  299  and  301. 
"  Journ.  of  PhysioL  x,  p.  213, 1889. 
"  Ibid,,  V,  p.  116,  1884. 
"  Proc,  of  Roy.  Soc,  xlvii,  p.  499, 1890. 

**  Laboratory  Reports  of  Royal  College  of  Physicians,  Edinburg,  iii,  P-  '91, 
1891. 
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inU. 

r  1000  (by  weight). 


JAOOaSKK' 

TBITANOWSXI* 

I 

tAMMABSTBN* 

BAOINBKT  * 
■OMMBB- 

fbldu 

BIBCH* 
SPOMOU 

BlAdder 
bUe 

Bladder 

bUe.'van- 

ouBdlseaaes 

Bladder 
bUe 

LtrerbUe 

Bladder 

bile 
ehUdren 

Bladder 
bUe 

10.1 
2.3 
0.6 
0.1 
1.4 
0.05 

22.6 
5-78 
977.4 

28.0 

24.8 

2.5 

5.2t 

8.2 

91.2 

909.0 

19.6 

13.0 
3.3 
3.6 

16.3 
0.17 

89.2 

911.0 

9.31 

5.29 

0.63 

0.22t 

1.23t 

26.2 
974.8 

18.2 
4.29 
1.6 
0.57 
1.36t 
0.57 

35.3 

964.7 

9.04 
5.15 
1.5 
0.65 

i.oit 

0.65 
25.4 

974.6 

25.2 

20.0 

3.4 

6.7 

103.5 

9.1 

896.5 

0 
12.1 

a 

20.3 

8.2 

979.7 

HAJOfARSTBN* 

SBBBOW- 

IIAJBWBKI  * 
SBBBOW- 

8KI" 

Bladder 
bile 

BOHKANX** 

JACOBO- 
WITBCB" 

MBMIIBB* 

B08BN- 

BLOOll 

Bladder  bile 

Biliary 
fistula 

BUlary 
fistula 

Bladder 

bile 
(Infaats)* 

Biliary 
fistula 

BUlary 
fistula 

97.0 
41.9 
9.86 
1.9 
11. 2§ 
2.23 
170.3 

829.7 

87.0 

44.4 

8.7 

6.5 

10. 6§ 

1.41 

160.2 

839.8 

34.3 
11.14 

I     5.16t 

112.2 
61.3 

•  887.8 

167.6 
23.12 

}    21. 8t 
24.7 

88.8. 

18.33 
4.97 
1.67 
0.96 

0.58 

35.44 

7.2 

964.6 

1.37 

5.5-14.0 
9.0-36.0 
1.7-3.0 
2.5-9.8t 

98-145 
5.2-7.3 

855-900 
0.7-1.0 

4.2 
9.3 
0.94 

2.98t 

22.5 

5.8 

974.5 

10.1 
4.86 
2.6H 
6.85 
2.6 
6.42 
29.8 
9.2 
970.2 
1.2 

t  Fatty  aelds  from  soaps. 

i  Includes  fatty  aolds. 

Y  This  specimen  oontaloed  a  trace  of  cholesterol  esten. 


^  Ber,  d,  deutsch.  chem.  Gesellsch.,  vi,  p.  1026, 1873. 
»  PflUjer's  Archiv,  ix,  p.  492,  1874. 
»  Textbook  of  Physiological  Chemistry ,  1911, p.  413. 

*<>  Verhandl.  d.  physioL  Gesellsch,  zu  Berlinf  1894-95;  Arch,  f.  Physiol,, 
1896,  p.  562. 
^\Journ,  oj  Physiol.,  viii,  p.  378,  1887. 
'•  Maly's  Jahresbericht,  xxxi,  p.  546,  1901. 
"  Ibid,,  xxxii,  p.  505, 1902. 
»•  Ibid,,  xxxii,  p.  508, 1902. 
»•  Jahrb.  /.  Kinderheilk.,  xxiv,  p.  373,  1886. 
"  Biochem.  Journ,,  vi,  p.  210, 1912. 
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In  a  former  paper,*  it  has  been  shown  that  the  hydantoin  nuc- 
leus is  excreted  unchanged  in  the  urine,  when  introduced  into  the 
organism  of  the  cat,  rabbit  or  dog.  The  present  study  deals  with 
the  behavior  of  some  thiohydantoins  in  which  sulphur  replaces 
the  oxygen  in  the  2-position  of  the  hydantoin  nucleus. 

NH— CO  NH— CO 


C=0 


C-S 


NH— CH2  NH— CH2 

Hydantoin  2-Thiohydantoin 

The  behavior  of  compounds  containing  this  type  of  sulphur 
linkage  is  especially  interesting  in  view  of  the  recent  studies  of 
Johnson  and  his  co-workers.*  In  these  the  probable  existence  of 
stdphur  in  the  protein  molecule  in  forms  other  than  as  cystine  or 
cysteine  groupings  is  discussed,  and  the  possible  occurrence  of  thio- 
amide  sulphur,  -NHCS-,  corresponding  to  the  acid  amide  form, 
-NHCO-,  present-  in  polypeptides  is  suggested.  This  type  of  re- 
placement of  oxygen  by  bivalent  sulphur  is  well  represented  in  the 
thiohydantoins.  It  must  be  pointed  out,  however,  that  the  -CS  - 
group  attached  to  two  nitrogen  atoms  as  in  thiohydantoins  is  much 

1  This  Journal,  xiii,  pp.  347-66,  1912. 

*  Johnson:  this  Journal,  ix,  pp.  331-2, 439-48,  449-63, 1911;  xii,  pp.  175-96, 
1912. 
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more  stable  than  the  -CS-  group  placed  between  a  nitrogen  and  a 
carbon  atom  as  in  a  thioamide,  R-CS-NHs,  or  as  in  dithiopiper- 
azine,  the  anhydride  of  the  thiopol3rpeptide,  recently  prepared  bj 
Johnson  and  Bumham.'  In  the  latter  compound  the  si#inir 
may  be  readily  split  off  as  hydrogen  sulphide  by  boiling  wiA 
hydrochloric  acid. 

Since  thiohydantoins  contain  the  tbioamide  type  of  sulphar 
grouping,  a  study  of  the  ability  of  the  organism  to  oxidise  and  ex- 
crete the  sulphur  of  these  compounds  should  throw  some  light  oq 
the  possible  behavior  of  similar  sulphur  groupings,  whose  presence 
in  the  protein  molecule  has  been  suggested. 

It  has  recently  been  shown  that  a  compound  which  closdy 
resembles  the  thiohydantoins  may  be  obtained  from  the  ergpt  d 
rye.  Barger  and  Ewins*  have  found  that  the  base  ergotkiormne 
isolated  from  ergot  by  Tanret^  is  probably  the  betaine  of  o-amiiKh 

i8-2-thioglyoxalinc-4  (or  5)-propionic  acid. 

« 

NH— CH 

I 
C-S 

I 
NH— C .  CHi .  CHi .  N  (CH,)  J 


CO-O 
Ergothioneine 

The  simplest  compound  which  contains  this  type  of  sulphur 
combination  is  thiourea,  NHi-CS-NHj,  the  behavior  of  which 
has  repeatedly  been  the  subject  of  study .•  Thiourea  is  non-toxic, 
is  excreted  unchanged  in  the  urine,  and  does  not  increase  the  oxi- 
dized sulphur  content  of  the  urine.  After  the  administration  of 
thiourea  to  rabbits,  Pohl^  reports  the  elimination  of  an  alkyl 

*  Johnson  and  BuTDham:  this  Joumalf  ix,  pp.  449-63,' 1911. 

*  Barger  and  Ewins:  Joum,  of  Chem.  80c.  (London),  xcix,  pp.  2336-41, 
1911. 

'Tanret:  Joum.  de  pharm.  el  de  chim.,  xxx,  pp.  145-53,  1909;  Co^P^ 
rend,  de  VAcad.  des  Set.,  cxlix,  pp.  222-24,  1909. 

*  Cf .  Lange:  Inaugural  Dissertation,  Rostock,  1892; /aArM6«r.  «.  ^ 
Fortsch.  d.  Tkierchem.t  xxii,  p.  67,  1892;  Sato:  Zeiischr,  /.  pkynol.  Chu^ 
Ixiii,  pp.  378-96, 1909;  Masuda:  ibid.,  Ixvii,  p.  28, 1910. 

'  Pohl :  Arch.  f.  exp.  Path.  u.  Pharm.,  li,  pp.  341-45, 1904. 
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sulphide,  probably  ethyl  sulphide,  in  the  breath.  No  sulphide 
could  be  detected  in  the  urine.  The  greater  part  of  the  thiourea 
was  excreted  unchanged  and  only  a  few  milligrams  of  alkyl  sul- 
phide "were  obtained  from  the  expired  air. 

In  the  present  work,  two  preliminary  experiments  in  which  2 
grams  of  thiourea  were  injected  subcutaneously  into  rabbits  were 
made.  In  confirmation  of  the  work  of  Pohl,  a  peculiar  garUc-like 
odor  was  observed  in  the  breath  five  hours  after  the  injection, 
but  no  alkyl  sulphide  could  be  obtained  from  the  urines  by  the 
method  of  Abel.^  The  total  sulphate-sulphur  content  of  the  urine 
was  unchanged,  while  the  "neutral  sulphur"  was  increased  in  pro- 
portion to  the  amount  of  sulphur  injected  as  thiourea.  The  urines 
of  the  experimental  da3rs  gave  strong  reactions  with  potassium 
ferrocyanide  and  acetic  acid,  as  described  for  thiourea  by  Sato.' 
No  toxic  eflfects  were  apparent. 

In  the  experiments  to  be  recorded  with  the  thiohydantoins  the 
animals  used  were,  with  one  exception,  rabbits,  which  were  main-. 
tained  on  a  uniform  diet  of  carrots  and  oats.  The  urine  was  col- 
lected from  the  bladder  by  gentle  pressure  at  the  same  hour  daily. 
The  substances,  when  fed,  were  dissolved  in  water  and  intro- 
duced through  a  stomach  tube.  The  routine  anal3rtical  proce- 
dures included  the  Kjeldahl-Gunning  method  for  total  nitrogen, 
Folin's  method  for  total  sulphate-sulphur,  and  Benedict's  methods^* 
for  urea  and  total  sulphur.  "Neutral  sulphur"  was  obtained  by 
difference.  It  is  of  interest  to  note  that  all  of  the  compounds 
studied  give  the  color  reaction  with  phosphotungstic  acid  and 
sodium  carbonate  described  by  Folin  for  uric  acid. 

^'Thiohydantoin, 

NH— CO 

I 
C=S 

I 

NH— CH2 


•Abel:  Zeilachr.f.  physiol,  Chem.,  xx,  pp.  253-78,  1895. 
•Sato:  Biochem.  Zeilschr.f  xxiii,  pp.  45-6,  1910. 

"S.  R.   Benedict:  this  Journal,  vi,   pp.  363-71,  1909  (total  sulphur); 
ibid,,  viii,  pp.  405-22, 1910  (urea). 
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This  compound  was  prepared  from  hippuric  acid  and  ammoimmi 
thiocyanate  as  described  by  Johnson  and  Nicolet."  Its  parity 
was  established  by  its  melting  point  (226-7**)  and  a  KjeH&hl 
nitrogen  determination  (24.12  per  cent  N).  The  compound  had 
a  slight  red-yellow  color  and  when  dissolved  in  wat^  gave  a 
yellowish  solution.  With  picric  acid  and  an  alkali  a  color  resem- 
bling that  given  by  creatinine  in  Jaffa's  test  was  obtained. 

The  substance  proved  to  be  toxic  for  rabbits,  doses  of  0.5  gram 
causing  death  within  twelve  hours.  The  most  noticeable  symp- 
toms were  loss  of  muscular  control  and  power  of  co-ordination, 
dyspnoea  and  convulsions.  The  degree  of  toxicity  is  shown  by 
the  following  illustrative  protocol  and  the  accompanying  table  (I) 
which  summarizes  all  the  results  obtained. 

Rabbit  I4.    Weight  1.4  kgms.    8,30  a.m.    Received  0.5  gram  of  2-tiiio- 
hydantoin  subcutaneously.    Resumed  eating  on  return  to  cage. 

9.00    Haa  stopped  eating. 

10,00    Apparently  normal. 

11.00    Apparently  normal  except  for  slightly  increased  respiration. 

12.00    Restless.    Poor  control  of  hind  legs.    Tremors.    Rapid  resjHn- 
tion. 

1.00    Lack  of  codrdination.    Control  of  hind  legs  lost.    Dyspnoea. 

£.00    An  occasional  convulsion. 

i.66    More  quiet.    Convulsions  less  frequent.    D3r8pnoea. 

S.IO    Urinates.    Urine  deep  orange  red. 

S,4S    Violent  convulsions,  dyspnoea.    Pupils  very  greatly  dilated. 

4,00    Dead. 

Autopsy,  Muscles  stained  yellow  red  at  point  of  injection.  Fluid  all 
absorbed.  Viscera  appear  normal.  Bladder  empty.  Lungs  and  heart 
congested. 

Examination  of  Urine.  Color  deep  orange  red.  Jaffa's  picric  acid  tesi 
very  brilliant.  Albumin  test  negative.  Reduction  test  with  Benedicts 
solution  gives  a  black  precipitate  of  copper  sulphide. 


"  Johnson  and  Nicolet:  Journ.  Amer,  Chem,  Sac,,  xxxiii,  p.  1973,  1911; 
Johnson:  Amer.  Chem.  Journ.,  xlix,  pp.  68-9,  1913.» 
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TABLE  I. 

Toxicity  of  2'ThiohydanUnn. 

WEIGHT 

DOSE  FEB 

r^m^'Z^^     '                              REaULTO 

KOM. 

ADMINISTBATIOIf     ,                             »*ou»*»o 

kom$. 

grama 

1 
1 

Rabbit  12 

1.70 

1.17 

per  08                 Death  in  3i  hours. 

Rabbit  13 

1.67 

0.59 

per  OS                 Death  in  4J  hours. 

Rabbit  14 

1.40 

0.31 

subcutaneously,  Death  in  7}  hours. 

Rabbit  15 

!      1.58 

0.125 

subcutaneously 

Death  in  24  hours. 

Rabbit  16 

1.48 

0.066 

subcutaneously  Refused  food  for  2  days. 

I      Restless.    Recovered. 

Rabbit  19 

1.80 

0.277 

subcutaneously;  Preparation  2.*    Death 

in  7}  hours. 

Rabbit  22 

1.92 

'    0.260 

subcutaneously 

Preparation  3.*    Death 

i 

1      9}  hours. 

Rabbit  27 

1.78 

0.056 

subcutaneously.  Recovery.  Refuses  food 

1      for  two  days. 

Rabbit  28 

1.63 

;    0.061 

1 

subcutaneously  Recovery.  Refuses  food 

for  two  days. 

Rabbit  29 

1.70 

1 

0.088 

1 

subcutaneous ly|  Recovery.  Refuses  food 

for  two  days. 

Cat  C 

1      3  50 

0.157 

per  OS               j  Death  in  8  hours. 

*  After  the  earlier  experiments  had  shown  the  marked  toxicity,  a  new  preparation  i  was  pre- 
pared and  especially  purified.  Preparation  S  was  a  preparation  \iaed  In  experiments  with  rab- 
Dtta  10,  23,  27  and  20,  and  cat  C,  especially  puilfied  by  Mr.  Ben  H.  Nlcolet  to  whom  I  am 
Indebted  for  this  and  other  assistance. 


The  toxicity  of  this  compound  must  be  attributed  to  the  sulphur 
which  replaces  the  oxygen  in  the  hydantoin  nucleus.  While 
approximately  0.125  gram  per  kilo  body  weight  is  the  lethal  dose 
for  the  thiohydantoins,  amounts  of  over  1.5  grams  of  hydantoin 
per  kilo  have  been  fed  to  rabbits  without  any  toxic  effects. 

It  was  first  planned  to  study  the  distribution  of  sulphur  in  the 
urine  after  the  administration  of  the  thiohydantoin  in  order  to 
note  any  oxidation  of  the  sulphur.  But  the  relatively  small  size 
of  the  dose  which  is  necessary  to  prevent  a  fatal  outcome  of  the 
experiment  made  such  a  study  unpromising.  An  attempt  was 
made  in  the  case  of  rabbits  22,  27,  28,  29,  and  cat  C  to  identify  the 
unchanged  thiohydantoin  in  the  urine. 

Many  attempts  to  isolate  the  thiohydantoin  as  such  were  un- 
successftd.  At  length  a  method  of  procedure  was  adopted 
which,  while  it  gave  positive  evidence  of  the  presence  of  imchanged 
thiohydantoin  in  the  urine,  did  not  furnish  absolute  proof.     Thio- 
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hydantoins  when  boiled  with  chloroacetic  acid  are  desulphuriBed^ 
with  the  formation  of  hydantoins  and  thioglycoUic  aciA  The 
latter  acid  may  be  detected  by  a  delicate  color  reaction  described 
by  Hefifter."  A  very  dilute  solution  of  tbioglycollic  add  givea, 
on  the  addition  of  sodium  nitroprusside  and  an  alkali,  a  purple- 
red  color,  changing  quickly  to  brown-red  and  soon  disappe&nng. 
This  reaction  is  also  given  by  the  alkyl  sulphides,  ethyl  and  benzjrl 
mercaptans,  cysteine,  a-  and  /9-thiolactic  acids  and  thiophenoL 

The  urines  were  first  tested  for  this  reaction  before  treatment 
with  chloroacetic  acid  to  rule  out  the  presence  of  the  alkali  sul- 
phides and  the  other  above-^nentioned  compounds  which  give 
this  reaction.  In  no  case  was  any  purple  color  obtained  from  the 
dilute  urine.  The  urine  was  then  concentrated  on  the  water  bath 
to  small  volume,  2-3  grams  of  chloroacetic  acid  added,  and  the 
mixture  boiled  with  a  return  condenser  from  four  to  six  hours. 
The  contents  of  the  flask  were  cooled,  treated  with  animal  charcoal 
to  decolorize,  and  the  color  reaction  carried  out.  In  all  the  experi- 
mental urines  the  reaction  was  positive.  Normal  urines  \duch 
were  treated  in  the  same  manner  never  gave  positive  reactions.  To 
avoid  the  color  of  the  urine,  which  interfered  with  a  delicate  test, 
the  liquid  after  boiling  with  chloroacetic  acid  was  in  some  cases 
evaporated  to  dryness  and  extracted  with  ether,  in  which  tbio- 
glycollic acid  is  soluble.  The  ether  was  then  removed  by  evapora- 
tion, the  residue  taken  up  in  water,  and  the  color  reaction  carried 
out.  The  reactions  were  more  brilliant  when  the  test  was  par- 
formed  in  this  way. 

While  the  possibility  that  there  may  be  other  compounds  formed 
in  the  body,  which  yield  thioglycoUic  acid  on  boiling  with  chloro- 
acetic acid,  is  not  entirely  excluded,  the  demonstration  of  the  pres- 
ence of  thioglycoUic  acid  after  the  chloroacetic  acid  treatment  in  the 
experimental  urines  gives  a  strong  indication  of  the  presence  of  mh 
changed  thiohydantoin.  2-Thiohydantoin,  like  hydantoin,  is  elim- 
inated probably  unchanged  by  the  rabbit.  Unlike  hydantoin  it 
is  very  toxic  for  rabbits,  0.125  gram  per  kilo  being  a  lethal  dose. 


"  Johnson,  Pfau  and  Hodge:  ioum,  Amer.  Chem,  Soc,  xxxiv,  pp.  1041 -*S, 
1912. 
»*  Heffter:  Medizin.-nalurwiss.  Archiv,  1,  p.  81,  1908. 
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2'Thio-4'methylhydanloin . 

NH— CO 

I 

c-s 

|NH— CH-CH, 

2-Thio-4-methylhydaiitoin  was  prepared  by  the  action  of 
ammonium  thiocyanate  on  alanine  as  described  by  Johnson.^^ 
Its  purity  was  shown  by  its  melting  point  (161**)  and  a  Kjeldahl 
nitrogen  determination  (21.53  per  cent  N). 

2-Thio-4-methylhydantoin  was  toxic  for  rabbits  although  far 
less  so  than  the  2-thiohydantoin.  The  lethal  dose  was  0.6  gram 
per  kilo  body  weight,  or  more  than  three  times  that  of  2-thio- 
hydantoin.  The  symptoms  were  very  similar  to  those  produced 
by  the  2-thiohydantoin,  although  the  convulsions  were  less  severe 
than  with  the  latter.  Most  marked  was  the  intense  albuminuria 
in  all  those  cases  in  which  the  fatal  dose  was  given.  A  study  of 
the  typical  protocol  given  below,  together  with  the  tabular  sum- 
mary (table  II),  will  best  serve  to  illustrate  the  toxicity. 

Rabbit  5^.    Weight  1.7  kilos.    Dec,  1$,  8, SO  a,m.    Received  1  gram  of 
2-thio-4-methylhydantoin  subcutaneously. 

11,00    Drowsy.    Sits  with  eyes  closed. 

lt,00    Tremors.    Runs  excitedly  around  cage  when  roused. 
S,00    Very  excitable.    Runs  around  cage.    Occasional  convulsions. 
6.00    Quiet. 

December  IS.    8.00  a.m.    Drowsy.    Urine  deep  yellow.    Protein  testa 
positive  (Heller's,  picric  acid,  heat  coagulation).    No  casts. 

Animal  quiet  all  day.*  Ate  no  food. 

Dec.  14.    8.00  a.m.    Animal  dead  in  cage.    Body  still  warm.      Urine, 
protein  test  strongly  positive. 

Autopsy  revealed  nothing  abnormal. 


"Johnson:  this  Journal,  xi,  pp.  97-101,  1912;  Amer.  Chem.  Journ.,  xlix, 
pp.  68-9, 1913. 
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TABUin. 

Toxieil«  "f  *-Tkin.i.iifik«lh 

1    vuaar 

' 

'       t,m.. 

Rabbit  20... 

2.1 

Rabbit  21  .. 

:    1.9 

Rabbit  30. . . 

■!    2-1 

Rabbit  31..., 

t-6 

Rabbit  33  ,, 

.1      1,2 

0,83 

subcutaneous: 

Babbit  34... 

'      1,7 

0.68 

Rabbit  35,.., 

1,8 

0  69 

ptros 

Rabbit  30... 

.1      1,7 

0-58 

■per  us 

No  attempt  w&e  made  to  identify  the  u 
in  the  urine. 

The  chief  interest  in  the  above  experin 
toxicity  of  the  sulphur  hydantouis  due  1 
methyl  group  for  one  hydrogen  in  the  4-j 

S-Thiohydantoin-4-acelic 
NH— CO 


I  I 

NH— CH— CHj— CO 

This  hydantoin  was  prepared  from  ami 
asparagine  as  described  by  Johnson  and  G 
of  its  melting  point  (222°)  and  nitrogen  co 
showed  its  purity.  This  compoimd  is  rat 
water;  hence  in  the  experiments  in  which 
bonate  was  added  to  form  the  sodium  sal 

"Johnson  and  Gueat;  Amer.  Chem.  Journ.,  x 
son:  ibid.,  xlix,  pp.  68-9,  1913. 
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After  several  preliminary  experiments  had  shown  that  2-thio- 
hydaiitoin-4-acetic  acid  was  non-toxic  for  rabbits  and  that  as  large 
a  dose  as  2  grams  had  no  obvious  effects  on  the  animal,  a  study  of 
the  sulphur  eBmination  and  distribution  in  the  urine  was  made. 

Rabbit  SO.  Daily  diet,  250  grams  of  carrots  and  25  grams  of 
oats.  This  was  completely  consumed.  On  the  day  of  the  injec- 
tion the  animal  showed  no  symptoms,  except  a  refusal  to  eat  for 
several  hours.  On  the  fourth  day,  a  subcutaneous  injection  of 
2  grams  of  2-thiohydantoin-4-acetic  acid  was  made  (N  content 
=  0.321  gram,  S  Content  =  0.368  gram).    The  protocol  follows. 


Rabbit  SO;  Weight,  1.69  kgms. 


SPECIFIC 

OLinns  oRAv-  | 

t        ITT 


1 


ec. 

125 
125 
100 
125 


1.040; 

1.020| 
1.030. 
l.OiO 
1.023 


TOTAL 

N 


gram 

0.675 
0.720 
0.570 
1.088 
0.705 


XTRKA 

+NHi-N 


gram 

0.555 
0.615 
0.465 
0.736 
0.570 


UBSA 

+NH.-N 
Total  N 

per  cent 

82.2 
85.4 
81.7 
67.6 
80.8 


N  NOT  UREA 

+  NH.-N 


gram 

0.120 
0.105 
0.105 
0363 
0.135 


TOTAL 
S 


TOTAL 
8O4 

s 


gram      gram      gram 

0.06670.05750.0092; 
0.06420.05360.0106 
0.0629J0.04970.0132I 
0  34780.03060.3172 
0.05670.03710.0196 


NKU-    I 
TBAL  S 


TOTAL 
SO4 

s 


t 

I    NSX7TRAL 

I        s 


per  cent 

86.2 
81.9 
79.0 
88 
65.4 


peremU 

13.8 
18.1 
21.0 
91.2 
34.6 


Rabbit  Jfi.  Diet,  25  grams  of  oats  and  250  grams  of  carrots. 
This  diet  was  consumed  as  usual  on  the  day  of  the  administration 
of  the  2-thiohydantoin-4-acetic  acid.  On  the  fourth  day  1.75 
grams  of  2-thiohydantoin-4-acetic  acid  were  given  pcf  os  (S  con- 
tent =  0.322  gm.)  No  toxic  sjnnptoms  were  noted.  The  proto- 
col follows. 


Rabbit  1,0;  Weight,  1.82  kgms. 
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0.0980 

0.0691 

0.0289 

70.5 
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1 
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In  a  third  experiment  in  which  1.75  grams  of  2-thiohydantoin- 
4-aceticacid  were  given  per  oa  to  a,  rabbit  of  1.5  kilos,  similar  results 
were  obtained,  the  ''neutral  sulphur"  rising  from  a  preliminary 
average  of  23.2  per  cent  to  88.8  per  cent  on  the  day  of  the  injection. 

In  these  three  experiments  on  rabbits  there  was  no  evidence  of 
an  oxidation  of  the  sulphur  by  the  organism,  a  reaction  ndiich 
should  result  in  an  increased  total  sulphate-sulphur  eliminatJoo. 
In  no  case  was  the  sulphate-sulphur  increased  on  the  day  of  the 
injection.  In  each  instance,  however,  the  "neutral  sulphur" 
elimination  was  increased  in  proportion  to  the  amount  of  sulphur 
given  as  2-thiohydantoin-4-acetic  acid.  No  attempt  was  made 
to  recover  the  unchanged  hydantoin  from  the  urine. 

It  is  interesting  to  note  that  these  results,  which  show  that  the 
sulphur  in  this  type  of  combination  is  not  oxidized  by  the  organism, 
are  in  agreement  with  the  results  obtained  by  Steudel"  and  Mendel 
and  Myers.^^  The  former  working  with  2-thio-4-meth3rluracil 
found  that  it  was  excreted  unchanged  by  the  organism  of  the  dog. 
The  latter  studied  the  distribution  of  sulphur  in  the  urine  after 
the  administration  of  2-thiouracil  to  rabbits  and  found  no  increase 
in  the  oxidized  sulphur,  but  a  marked  increase  in  the  "neutral 
sulphur"  of  the  urine.  These  findings  all  agree  in  demonstrating 
the  stability  of  thioamide  sulphur  in  the  ^organism. 

Experiments  on  rabbits  in  which  doses  of  0.44  and  0.79  gram  per 
kilo  of  2-thiohydantoin-4-acetamide  were  given  per  os  to  rabbits 
demonstrated  that  in  such  amounts  this  substance  is  non-toxie 
for  rabbits. 

The  lack  of  toxicity  of  2-thiohydantoin-4-acetic  acid  for  the 
rabbit  would  seem  to  indicate  that  the  substitution  of  alkyl  groups 
or  their  oxidation  products  for  a  hydrogen  in  the  4-position  dimin- 
ishes the  toxicity  shown  by  the  sulphur  in  2-thiohydantoin  The 
increase  in  the  molecular  weight  of  the  substituted  alkyl  group,  in 
the  substances  studied  at  least,  gradually  decreases  the  toxicity. 
Thus  the  lethal  dose  of  the  unsubstituted  thiohydantoin  was  found 
to  be  about  0.125  gram,  the  substitution  of  a  methyl  group  raised 
the  fatal  dose  to  0.6  gram,  while  substitution  of  an  acetic  acid  or 
acetamide  group  caused  a  loss  of  toxicity.  It  is  of  interest  to  know 
whether  this  theory  of  decreased  toxicity  will  be  confirmed  by  a 

*•  Steudel:  Zeilschr.f.  phyaiol.  Chem.j  xxxix,  pp.  136-42,  1903. 

*' Mendel  and  Myers:  Amer.  Jmirn.  of  Physiol. ^  xxvi,  pp.  77-105, 1910. 
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• 
study  of  the  eflfect  of  other  radicals,  substituted  both  in  the  4-posi- 
tion  as  in  the  compoimds  studied  and  in  other  positions  in  the  ring. 
An  investigation  of  the  effects  of  such  substitution  is  proposed. 

SUMMARY. 

2-Thiohydantoin  is  toxic  for  rabbits.  The  substitution  of  an 
alkyl  group  in  the  4-position  decreases  the  toxicity.  2-Thio- 
4-niethylhydantoin  is  less  toxic  than  2-thiohydantoin,  while  2- 
thiohydantoin-4-acetic  acid  is  not  toxic  in  doses  of  2  grams. 
2-Thio-4-methylhydantoin  in  fatal  doses  causes  an  albuminuria 
in  rabbits.  The  sulphur  contained  in  2-thiohydantoins  is  not 
oxidized  in  the  organism  of  the  rabbit,  but  is  excreted  probably 
imchanged. 

I  wish  to  acknowledge  my  indebtedness  to  Professor  Lafayette  B. 
Mendel  imder  whose  direction  this  work  has  been  carried  out  and 
to  Professor  Treat  B.  Johnson  who  has  aided  in  the  questions  of 
organic  chemistry  involved. 

ADDENDUM. 

Through  the  courtesy  of  Professor  Treat  B.  Johnson,  a  study  of 
one  of  the  thiopolypeptides  already  referred  to  was  made  possible. 
The  compound  witlj  which  the  experiments  were  carried  out  was 
dtlhiodimethylpiperazine,  the  preparation  and  properties  of  which 
will  be  described  in  a  later  paper  from  Professor  Johnson's  labora- 
tory. The  new  compound  is  very  insoluble  in  water  and  was  admin- 
istered as  the  sodium  salt.  It  was  first  suspended  in  water,  sodium 
hydroxide  added  in  the  cold  until  solution  took  place,  and  the 
whole  immediately  neutralized.  These  precautions  were  made 
necessary  because  of  the  ease  with  which  dithiodimethylpiperazine 
splits  off  sulphur  in  the  presence  of  free  alkaU.  As  has  already 
been  pointed  out,  this  thioamide  type  of  sulphur  combination  is 
very  unstable. 

The  relation  of  this  thiopol3rpeptide  derivative  to  the  thio- 
hydantoins  which  have  been  shown  to  be  toxic  may  be  seen  from  a 
comparison  of  the  structural  formulae. 

NH CHCHs  NH CO 


C=S    C=S  C-S 


CHaCH NH  NH CHCH3 

Dithiodimethylpiperazine  2-Thio-4-methylhydantoin 
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Two  -CS.NH.CH.CHi  groupings  make  up  the  thiopolypepiide 
derivative.  This  same  grouping  occurs  once  in  the  thiohydantoin. 
Hence  from  a  theoretical  standpoint,  the  toxicity  of  the  thio|>ip- 
erazine  derivative  should  be  greater  than  that  of  the  thiob3^dan- 
toin.  This  was  found  to  be  the  case.  Two  typical  protoocds 
follow. 

Rabbit  4S,  Weight  1.70  kgms.  10.07  a,m.  Received  03  gram  (»  ai75 
gram  per  kilogram  body  weight)  dithiodimethylpiperasiiie,  prepared  if 
described  above,  svbcutaneausly, 

10,96    Tremors.    Very  restless.    Dyspnoea. 

10.90    Slight  convulsions. 

lOM    Dyspnoea  very  marked.    Animal  gasps,  gnashes  teeth. 

iO.40    Tremors  more  marked.    Pupils  widely  dilated. 

10.^5  Animal  has  a  very  violent  convulsion  in  the  course  of  which  it 
forces  open  the  cover  of  the  cage.  Immediately  following  tetanic  symptons, 
not  clonic,  appear. 

10 M  Convulsions  very  frequent.  As  animal  was  apparently  djring  eUnr 
was  given  to  neutralise  the  efifects  of  convulsions.  Animal  became  qxati 
immediately  and  on  being  allowed  to  recover  from  the  anesthesia  showed 
convulsions  again. 

19.06  The  animal  had  been  etherised  for  more  than  an  hour,  but  tk 
increasing  violence  and  frequency  of  the  convulsions  made  deeper  anesthe- 
sia constantly  necessary.  The  animal  was  now  allowed  to  recov^  from 
anesthesia.  Immediately,  extreme  dyspnoea,  laboc^d  breathing  and  coi- 
vuLsions  began. 

lt.S5    Very  weak. 

1.15  Dead. 

Autopsy.    Nothing  abnormal.    Urine:   trace  of  albumin. 
Rabbit  46.    Weight  1.8  kgms.    9.00  a.m.    Received  0.3  gram  dithiodi- 
methylpiperazine  prepared  as  described  above  per  os. 

9.07    Tremors. 

9.10    Convulsions. 

9.16  Lies  on  side  in  convulsions. 
9.9S    Extreme  dyspnoea. 

9.SS    Very  weak. 
10.00    Death. 
Autopsy.    Nothing  abnormal  except  congested  heart  and  lungs. 

The  close  parallelism  between  the  sjrmptoms  above  described 
and  those  produced  by  alkali  sulphides  or  hydrogen  sulphide 
immediately  suggests  that,  an  explanation  of  the  toxicity  may  be 
found  in  the  liberation  of  sulphides  in  the  organism  from  the  un- 
stable sulphur  linkage.  Further  investigations  on  this  substanee 
are  in  progress.  * 
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SECOND  PAPEB. 

By  p.  a.  LEVENE  and  C.  J.  WEST. 
(From  the  Rockefeller  Institute  for  Medical  Research,  New  York.) 

(Received  for  publication,  February  19,  1913.) 

On  the  basis  of  experiments  published  in  a  previous  communica- 
tion Levene  and  Jacobs^  reached  the  view  that  cerebronic  acid 
had  the  structure  of  an  a-hydroxypentacosanic  cid.     On  reduc- 
tion the  acid  formed  a  hydrocarbon  melting  at  54°-57°C.    The 
melting  point  for  the  normal  pentacosan,  according  to  Krafft  and 
Marie,  should  be  53.5^-54°.    Hence  it  remained  uncertain  whether 
the  discrepancy  in  the  melting  points  was  due  to  the  fact  that  the 
hydrocarbon  obtained  from  cerebronic  acid  contained  some  im- 
purity or  to  a  structural  difference  in  the  normal  pentacosan  and 
in  the  hydrocarbon  obtained  from  cerebronic  acid.    It  was,  there- 
fore, concluded  to  prepare  a  larger  quantity  of  the  material,  which 
would  permit  of  a  more  perfect  purification  of  the  hydrocarbon. 
This  was  accomplished  with  the  result  that  on  reduction  of 
cerebronic  acid  a  hydrocarbon  was  obtained  that  melted  at  53°- 
54°C.,  which  harmonizes  with  the  melting  point  corresponding  to 
the  normal  pentacosan. 

The  normal  nature  of  the  carbon  chain  of  cerebronic  acid  was 
corroborated  further  by  the  fact  that  the  acid,  C24H48O2,  obtained 
on  the  oxidation  of  the  former  was  reduced  to  a  hydrocarbon  melt- 
ing at  51°~52°C.,  and  that  Krafft  found  51.1°C.  to  be  the  melting 
point  of  the  normal  tetracosan.  Hence,  it  may  be  considered 
proven  that  cerebronic  acid  is  a  normal  a-hydroxypentacosanic 
acid: 

In  course  of  the  present  mvestigation  great  care  was  taken  in 
establishing  the  exact  condition  for  preparation  of  the  most  impor- 
tant derivatives  of  the  acid,  also  of  the  methods  of  separation  and 
of  purification  of  the  acid. 

1  This  Journal,  xii,  p.  381,  1912. 
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EXPERIMENTAL  PART. 

Preparation  of  cerebronic  add. 

The  mixture  of  cerebronic  acid  and  ester  obtained  from  the- 
hydrolysis  of  cerebrine*  is  heated  with  an  excess  of  alcohdk 
sodium  hydroxide  for  four  hours,  during  which  most  of  the  sodJuni 
salt  separates  out.    The  mixtiu'e  is  cooled,  the  soaps  filt^ed  off 
and  washed  with  methyl  alcohol  and  ether.    The  sodium  salt  is 
then  recrystaUized  from  boiling  ethyl  or  methyl   alcohol.    Th» 
cerebronic  acid  is  liberated  by  suspending  the  salt  in  dilute  hydro- 
chloric acid  and  heating  on  the  water  bath  until  the  free  add  has 
completely  melted.    When  cold  this  is  filtered  off,  recrystalliaed 
from  alcohol  and  the  excess  of  alcohol  removed  by  melting  in 
vacuum  on  the  water  bath.    The  product  thus  obtained  is  pure 
enough  for  most  operations.    It  will  not,  however,  give  sharp  val- 
ues when  titrated  to  determine  the  molecular  weight.    The  acid 
used  for  this  purpose  must  be  further  purified  through  the  lead 
salt.    The  hot  methyl  alcoholic  solution  of  the  acid  is  treated 
with  a  hot  solution  of  lead  acetate  in  the  same  solvent  as  long  as  a 
precipitate  forms.    Finally  a  few  drops  of  concentrated  ammonia 
are  added  to  neutralize  the  free  acetic  acid.    After  being  cooled 
the  lead  salt  is  filtered  off  and  washed  with  a  little  warm  methyl 
alcohol.    It  is  then  suspended  in  warm,  dry  toluene  and  decom- 
posed by  treating  with  hydrogen  sulphide  for  two  hours.  Tlie 
mixture  should  be  kept  warm  on  a  water  bath  and  constantly 
stirred  during  this  time.    The  lead  sulphide  is  allowed  to  settle, 
the  toluene  solution  of  the  acid  filtered  off,  the  sulphide  washed 
with  warm  toluene  and  the  filtrate  concentrated  in  vacuum. 
The  colorless  residue  is  then  recrystaUized  from  absolute  alcohol 
and  the  excess  of  alcohol  removed  on  the  steam  bath.    If  ammonia 
is  not  added  in  the  precipitation  of  the  lead  salt  the  sulphide  may 
come  down  in  a  colloidal  form.    In  this  case,  the  entire  mixture 
is  concentrated  in  vacuum  and  the  acid  extracted  from  the  residue 
with  a  large  quantity  of  boiling  alcohol. 

The  acid  thus  prepared  melted  at  77^-80°  and,  therefore,  con- 
sisted principally  of  the  inactive  form.  When  fractionated  with 
lithium  acetate  in  methyl  alcohol  into  three  factions,  each  fraction, 

*  Levene  and  Jacobs:  loe,  cit,,  p.  383. 
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before  recrystallization,  melted  at  76°-77°  and,  when  recrystal- 
lized  from  petrolemn  ether,  melted  at  83°-84®.  This  is  the  melting 
point  found  for  the  inactive  form  and  reported  in  a  previous  paper. 

0.1200  gram  of  the  substance  gave  0.3330  gram  COs  and  0.1350  gram  HsO. 

1.7115  grams  of  the  acid  dissolved  in  a  mixture  of  benzene  and  pure 
methyl  alcohol  required  43  cc.  of  tt  NaOH  for  neutralization,  using  phenol- 
phthalein  as  an  indicator. 

0.4802  gram  of  the  acid,  as  above,  required  12.15  cc.  of  -^  NaOH  for  neu- 
tralization. 

Calculated  for 

CuHMOt:  Found: 

C , 75.33  75.68 

H : 12.60       -  12.59 

M.  W 398  398        396 


Salis  of  cerebronic  add, 

Scdts.  The  sodium  and  lithium  salts  were  prepared  and  their 
solubilities  studied  in  order  to  find  the  best  solvent  for  purification 
and  also  to  establish  the  conditions  for  the  separation  of  the  oxi- 
dation product  of  cerebronic  acid  from  the  unchanged  acid  (see 
below).  The  determinations  were  carried  out  as  follows:  The 
salt  was  treated  with  an  excess  of  the  boiling  solvent;  the  saturated 
solution  was  filtered  oflF,  using  a  hot  funnel,  and  allowed  to  stand 
in  the  ice  box  over  night.  The  precipitate  was  filtered  oflF,  dried 
and  weighed.  The  residue  from  the  filtrate  was  also  determined. 
This  gave  the  tibtal  solubility,  the  amount  that  could  be  obtained 
in  recrystallization  and  the  solubility  at  0°. 

Sodium  saU,^  Solubilities.  140  cc.  of  boiling  methyl  alcohol, 
saturated  with  the  sodium  salt,  deposited,  upon  cooling  to  0**, 
1.47  grams.  20  cc.  of  the  filtrate,  saturated  at  0°,  gave  a  residue 
of  0.09  gram  upon  evaporation  to  dryness. 

110  cc.  of  ethyl  alcohol,  as  above,  deposited  2.094  grams.  20 
cc.  of  the  filtrate  gave  a  residue  of  0.032  gram. 

Therefore,  100  cc.  of  boiling  methyl  alcohol  takes  up  1.50  grams 
of  the  sodium  salt.    At  0°  it  contains  0.45  gram. 

100  cc.  of  boiling  ethyl  alcohol  contains  2.06  grams;  at  0°,  0.16 
gram. 

*Thierf elder:  Zeitschr,  f,  physioL  Chem.,  xliii,  p.  26,  1904-06. 
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Analysis.  0.1125  gram  of  the  substance  gave  0.2d31  gram  QOt  and  0.1196 
gram  HtO. 

.   CUotilated  f or 

Ci»HiiO»Na:       Found: 

C 71.19  71.06 

H 11.72  11.90 

Lithium  soli.  Solubilities.  100  cc.  of  boiling  methyl  alcohol 
takes  up  3.46  grams  of  the  salt,  while  at  0^  it  contains  0.235  gram. 

100  cc.  of  ethyl  alcohol  at  its  boiling  point  takes  up  1.42  grams  oi 
the  salt  and  at  0°  contains  0.39  gram. 

Analysis.  0.1448  gram  substance  gave  0.3928  gram  CX>i  and  0.1593  gram 
H,0.  •  • 

^  OUculatedfor 

C»H«OiLl:         Foand: 

C 74.18  74  00 

H 12.21  12  31 

Inactive  ethyl  ester. 

Thudichum*  describes  an  ethyl  ester  of  neurostearic  acid  (cere- 
bronic acid)  which  he  obtained  from  the  hydrolysis  of  phrenosine 
(cerebrine)  with  ethyl  alcohol  and  sulphuric  acid.  This  product 
melted  at  56°  but  when  distilled  in  vacuum  melted  at  52**.  Since 
the  acid  derived  from  this  melted  at  84®  it  must  have  been  the 
inactive  ester.  We  prepared  the  ester  from  the  inactive  add  ai 
follows:  10  grams  of  the  acid  were  dissolved  in  500  cc.  absolute 
ethyl  alcohol,  10  cc.  concentrated  sulphuric  acid  added  and  the 
mixture  heated  on  the  water  bath  for  seven  hours.  Upon  stand- 
ing over  night  at  0°  the  ester  almost  completel;^  separates  out 
This  was  recrystallized  from  alcohol  containing  sulphuric  add, 
then  from  absolute  alcohol  and  finally  from  dry  acetone.  It  is 
very  soluble  in  ethyl  acetate,  from  which  it  separates  in  large  glis- 
tening crystals.  The  ester  melted  at  52^-53°  and  solidified  at  5^- 
52°.  For  analysis  the  product  was  dried  three  hours  in  a  chloro- 
form bath  over  sulphuric  acid. 

0.1128  gram  substance  gave  0.3142  gram  COs  and  0.1205  gram  HsO. 

Oalculated  for 
CttH«Oi*CiHi:    Foupd: 

C 75.79  75.^ 

H 12.55  12.75 

-    —  -        •  -  -  -      - 

*  Thudichum:  Chemical  Constitution  of  the  Brain,  p.  162;  German  editico, 
p.  195. 
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.    AcekOe  of  the  ethyl  esier,  C23H47CH(OCOCH,)COaC2H6. 

Two  grams  of  the  ethyl  ester  were  dissolved  in  40  cc.  of  acetic 
anhydride  and  heated  to  gentle  boiling  for  an  hour.  Upon  cool- 
ing the  reaction  product  cr3rstallized  out.  This  was  recrystal- 
lized  from  acetone  and  twice  from  petrolemn  ether.  It  forms  color- 
less crystals,  which  melt  at  55°-57°  and  solidify  at  SS^'-SS^.  It 
was  dried  in  the  chloroform  bath  for  analysis. 

0.1336  gram  of  substance  gave  0.3630  gram  COs  and  0.1457  gram  HsO. 

C3aIouIated  for 

C»Htt0«:    Found: 

C 74.28     74.16 

H 12.05     12.19 

Marie*  describes  a  simUar  compound  which  was  obtained  by  the 
action  of  lead  acetate  upon  the  ethyl  ester  of  bromocerotic  acid 
and  to  which  he  ascribes  the  above  formula.  This  melted  at  57°- 
58^.  Since  then  it  has  been  claimed  that  cerotic  acid  contains 
twenty-six  carbon  atoms;  if  this  is  so,  then  the  two  compounds 
are  not  identical.    The  question  will  be  investigated  further. 

Inactive  methyl  ester, 

Thierfelder*  describes  a  methyl  ester  of  cerebronic  acid,  which 
he  obtained  in  the  hydrolysis  of  cerebrine  and  which  gave  upon 
hydroljrsis  an  acid  melting  at  100°-101°.  This  ester  melted  at  65°, 
and  was  probably  either  the  active  form  or  a  mixture  of  the  active 
with  the  inactive.  The  inactive  ester  was  prepared  by  boiling  a 
solution  of  5  grams  of  the  inactive  acid  in  500  cc.  of  absolute  methyl 
alcohol,  which  contained  5  cc.  of  concentrated  sulphuric  acid,  for 
five  hours.  The  ester  which  separated  out  upon  standing  over 
night  was  recrystallized  from  methyl  alcohol,  petroleum  ether 
and  finaUy  acetone  and  formed  colorless  crystals,  which  melted  at 
59°-60°  and  solidified  at  57°~58°.  It  was  dried  in  the  chloroform 
bath  for  analysis. 

0.1120  gram  substance  gave  0.3096  gram  COj  and  0.1281  gram  H^O. 

Calculated  for 
C»H«Oi-CHi:     Found: 

C 75.65  75.39 

H 12.71  12.80 


•  Marie:  Ann.  de  chim.  ei  de  phys.f  (7),  vii,  p.  228,  1896;  Bull,  de  la  soc. 
chim.,  XV,  p.  577,  1896. 
?  ZeiUchr.  /.  physiol.  Chem.f  xliv,  p.  367, 1905. 
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Acetyl  cerebronic  add. 

Thierfelder'  attempted  to  prepare  acetyl  cerebronic  add  by  the 
action  of  acetyl  chloride  upon  cerebronic  acid;  he  was  not  able  to 
isolate  the  free  acid  in  a  crystalline  condition,  but  analyzed  it  as 
the  sodium  salt.  By  the  use  of  acetic  anhydride  the  reaction  is 
smooth  and  the  product  easy  of  isolation. 

Two  grams  of  cerebronic  acid  and  30  cc.  of  acetic  anhydride 
were  heated  under  a  reflux  for  two  hours.  Upon  cooling  the  solo- 
tion  the  acetylated  acid  separated  out  in  a  crystalline  condition. 
This  was  filtered  in  the  ice  box,  washed  with  cold  alcohol  several 
times  to  remove  the  acetic  anhydride  and  twice  recrystallittd 
from  petroleum  ether.  It  is  easily  soluble  in  nearly  all  organic 
solvents.  Acetyl  cerebronic  acid  is  a  white  crystalline  solid,  whidi 
melts  at  SSS^-SG*"  and  soUdifies  at  53*'-54°.  Since  the  inactive  add 
was  used,  this  product  is  the  inactive  form.  The  active  form  wouM 
melt  higher. 


Analysis.    0.1144  gram  of  the  substance  gave  0.3090  gram  COs  and  0.1240 
.  gramHsO. 

Calculated  for 

CoHisO*:  FoQod: 

C 73.57  73.50 

H 11.90  12.15 

Molecular  Weight  Estimation.  0.2776  gram  of  the  suhstanee,  dis- 
solved in  pure  methyl  alcohol  and  benzene,  required  6.3  cc.  of  ts  NaOH  for 
neutralization. 

OrUoulated  f  <»- 

CxrHwOt:  Found: 

M .  W 440  441 

Acetyl  Determination.  0.0908  gram  of  the  dried  substance  was  dis- 
solved in  10  cc.  of  sodium  methylate  and  50  cc.  of  pure  methyl  alcohoif 
equal  to  113.6  cc.  of  t^  HCl,  and  heated  under  the  reflux  for  an  hour.  The 
reaction  product  then  required  109.8  cc.  of  iV  HCl  for  neutralization.  Thus, 
3.8  cc.  of  yjr  NaOH  were  required  in  the  determination.  The  amount  cal- 
culated for  the  splitting  off  of  one  acetyl  group  and  the  neutralization  of  the 
cerebronic  acid  formed  in  the  reaction  is  4.01  cc.  of  -nr  NaOH. 

Calculated  for 
CsftH«Oi*COCH«:  Found: 

COCH, 9.76  9.27 

'  Zeitschr,  f.  physioL  Chem.f  xliii,  p.  27,  1904-05. 
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Oxidation  of  cerebronic  add. 

This  was  carried  out  according  to  the  directions  of  Levene  and 
Jacobs.    The  action  takes  about  two  hours  on  the  steam  bath; 
this  is  better  than  heating  with  a  free  flame,  in  that  bumping  and 
possible  foaming  are  avoided.    After  the  addition  of  sodium  bisul- 
phite, the  mixture  is  acidified,  the  acids  filtered  off,  dissolved  in 
alcohol  and  changed  into  the  sodium  salts.    The  salts  from  9 
grains  of  cerebronic  acid  are  extracted  with  a  liter  of  boiling  methyl 
alcohol.    The  residue  is  principally  the  salt  of  the  unchanged 
cerebronic  acid.    The  acid  obtained  from  the  filtrate  is  transformed 
into  the  lithimn  salt  and  this  extracted  with  hot  alcohol  as  long  as  a 
noticeable  precipitate  forms  upon  cooling  the  filtrate.    Usually  1 
Dter  is  sufficient.    The  residue  is  the  lithium  salt  of  the  new  acid. 
This  is  converted  into  the  free  acid  and  purified  through  the  lead 
salt  as  described  above  for  cerebronic  acid.    It  melts  at  80®-81®. 
The  possible  identity  of  this  acid  with  lignoceric  acid  has  already 
been  mentioned.    This  will  be  discussed  in  a  future  paper. 

0.1196  gram  substance  gave  0.3428  gram  COs  and  0.1416  gram  HtO. 
0.5946  gram  of  the  acid,  dissolved  in  methyl  alcohol  and  benzene,  required 
15.95  cc.  of  TS  NaOH  for  neutralization. 

Calctilated  for 

Ca4H«0i:    Found: 

C 78.20     78.15 

H 13.20     13.15 

M.  W 368      373 

Sodium  saU.  Solubilities.  100  cc.  methyl  alcohol  contains,  at 
its  boiling  point,  2.186  grams;  at  0°,  0.243  gram. 

100  cc.  ethyl  alcohol  contains,  at  its  boiling  point,  1.870  grams; 
at  0**,  0.080  gram. 

Analysis.  0.1004  gram  of  the  substance  gave  0.2702  gram  COt  and  0.1099 
gram  HjO. 

Calculated  for 
CNHoOtNa:        Found: 

C 73.77  73.40 

H 12.13  12.25 

Lithium  salt.  This  salt  begins  to  soften  at  172^  and  melts  at 
173-178°  (not  sharp). 

Solubilities.  100  cc.  boiling  ethyl  alcohol  contains  0.244 
gram;  at  0°,  0.06  gram.  100  cc.  boiling  methyl  alcohol  contains 
0.210  grams  and  at  0°,  0.095  gram. 
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Analysis.    0.1265  gram  of  the  substance  gave  0.3676  gram  COt  &nd  O.1406 
gram  HsO. 

CkleuUtedfor 

C 76.92  77.10 

H 12.66  12  40 

Reduction  of  cerdyronic  acid, 

Levene  and  Jacobs  obtained  a  hydrocarbon  which  had  nearly  the 
required  melting  point  for  pentaoosan.*  We  have  repeated  the 
reduction  under  slightly  different  conditions  and  have  obtained  a 
hydrocarbon  which  shows  the  melting  point  given  for  pentaoosan. 

Lots  of  5  grams  of  cerebronic  acid,  25  cc.  of  hydroiodic  acid  oi 
specific  gravity  1.96  and  2  grams  of  red  phosphorus  were  heated 
in  sealed  tubes  at  125°-130®  for  eight  hours.  The  solid  contente 
of  the  tubes  were  filtered  off,  after  diluting  the  acid  with  much 
water.  In  the  first  experiments  the  product  was  cryBtallized  from 
alcohol,  and  then  changed  into  the  sodium  salt  by  dissolving  in 
absolute  alcohol,  neutralizing  to  phenolphthalein  with  sodium 
methylate  and  evaporating  to  dryness.  The  distillation  of  the 
sodium  salt  was  accompanied  with  foaming,  however,  and  so  in 
the  later  experiments  the  product  once  crystallized  out  of  alcohol 
was  thoroughly  dried  in  vacuum  and  distilled  in  the  vacuum  <A  s 
Geryke  pump.  The  reaction  was  accompanied  by  decompositicm 
and  some  foaming;  the  temperature  was  about  320^  The  dis- 
tillate was  taken  up  in  absolute  alcohol,  neutralized  with  sodium 
methylate,  evaporated  to  dryness,  and  the  dry  mixture  extracted 
with  ether.  The  residue  was  changed  into  the  free  acid,  again 
distilled  and  treated  as  above.  The  combined  ether  extract 
was  dried  over  anhydrous  sodimn  sulphate,  the  ether  removed 
and  the  product  distUled  in  vacuum.  The  distillate  was  reci^ 
stallized  from  ether  or  alcohol.  It  melted  at  53-66®;  a  second 
sample  melted  at  52-55°.  Recrystallized  from  acetone  it  showed 
the  same  melting  point.  The  product  was  then  distilled,  after  the 
addition  of  a  few  cubic  centimeters  of  sodium  methylate  solution 
and  evaporation  to  dryness,  the  distillate  recrystallized  from  ace- 
tone and  thoroughly  dried.  It  then  melted  at  53^-54"*.  Accord- 
ing to  Marie*  pentacosan  should  melt  at  53.5°-54®. 

•  Bull,  de  la  soc.  chim.f  xv,  p.  567,  1896. 
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0.1 140  gram  of  the  Bubstance  gave  0.3566  gram  COi  and  0.1444  gram  HiO 

Oftleulated  for 

C»H«:  Found: 

0 85.13  85.30 

H 14.89  14.18 


Reduction  of  C24H48O2. 

The  above  method  was  then  applied  to  other  fatty  acids,  in  the 
liope  that  it  might  prove  a  general  method  for  the  reduction  of 
acids  to  hydrocarbons.  The  result  was  disappointing.^  In  the 
case  of  Ci4H4802,  obtained  from  the  oxidation  of  cerebronic  acid, 
the  product  of  the  distillation  was  a  mixture  of  a  large  amount  of 
the  ester  of  the  acid  with  a  small  amount  of  the  hydrocarbon. 
The  ester  was  saponified  by  boiling  with  alcoholic  potagh,  the  solu- 
tion evaporated  to  dryness  and  the  mixture  extracted  with  ether. 
A  small  quantity  of  hydrocarbon  remained.  This  was  recryistal- 
lized  from  alcohol  and  dried  in  the  chloroform  bath.  It  melted 
at  51°-52°.    According  to  Krafft*®  Cj^Hgo  should  melt  at  51.  r. 

Calculated  for 

Cs«Hm:  Found: 

C 85.10  85.27 

H 14.90  14.79 


•  The  reaction  was  also  tried  with  stearic  and  palmitic  acids.  The  pro- 
duct in  these  cases  was  found  to  be  a  mixture  of  the  unchanged  acid  with  the 
ethyl  ester.  Thus  it  is  probably  the  presence  of  the  hydroxy!  group  which 
makes  the  reaction  possible  in  cerebronic  acid.  It  is  also  evident  that  the 
hydroxyl  group  is  reduced  simultaneously  with  or  after  the  carboxyl  group, 
otherwise  the  normal  acid  would  be  obtained. 

*•  Ber,  d.  deutach,  chem.  Geselhch.,  xv,  p.  1711,  1882. 
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INTRODUCTION. 

For  the  study  of  the  progressive  changes  in  the  central  nervous 
system  during  growth  and  senescence,  the  albino  rat,  on  account 
of  its  small  size,  short  span  of  life  and  its  powers  of  rapid  reproduc- 
tion^ is  especially  suited.  Its  growth  processes  are,  moreover, 
strikingly  like  those  6f  man,  as  has  been  brought  out  by  the  exten- 
sive investigations  of  Dr.  Donaldson  within  the  past  few  years. 
It  was,  therefore,  decided  to  use  this  animal  for  a  study  of  the 
chemical  differentiation  of  the  central  nervous  system  during 
growth. 

The  youngest  brains  which  could  be  conveniently  collected  for 
chemical  analysis  were  those  of  rats  just  bom.  As  it  was  not 
certain  that  the  rat  at  this  period  of  development  was  sufficiently 
immature  (chemically  imdifferentiated)  to  serve  as  the  starting 
point  for  such  a  growth  series,  it  was  suggested  by  my  brother, 
Dr.  Waldemar  Koch,  that  the  brain  of  the  new  born  rat  be  com- 
pared chemically  with  the  brain  of  the  fetal  pig,  collected  at  vari- 
ous stages  of  fetal  life. 

By  such  a  comparison  we  hoped  to  determine  the  physiological 
age  of  the  rat  at  birth  in  terms  of  fetal  pig  material;  and  to  obtain, 
possibly,  from  the  pig  fetus,  material  which  would  be  more  imma- 
ture than  the  new  born  rat. 

*  H.  H.  Donaldson:  President's  Address,  Journ.  of  Nervous  and  Mental 
Disease,  xxxviii,  p.  258, 1911. 
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MATERIAL  AND  METHODS. 

The  rat  material  was  obtained  from  the  Wistar  Institute  of 
Anatomy,  which  supplied  the  brains  of  rats  of  known  age,  from 
animals  which  had  been  raised  imder  constant  conditions;  two 
factors  which  are  absolutely  essential  for  such  a  study.   The 
material  was  collected  by  Dr.  Hatai  and  the  method  used  was  that 
adopted  by  the  Institute.    This  in  brief  is  as  follows:  the  rat  was 
chloroformed;  the  skull  opened  from  the  dorsal  side;  the  divisioD 
between  the  brain  and  the  cord  made  at  the  tip  of  calamus  scrip- 
torius;  and  the  brain  removed.    The  meninges  of  the  brain  were 
left  intact.    Such  blood  as  it  contained  was,  therefore,  included 
in  the  weight.    Immediately  after  removal  the  brain  was  placed 
in  a  closed  weighing  bottle,  quickly  weighed  to  within  10  mgms.* 
and  transferred  to  a  wide  mouthed  bottle  of  300  cc.  capiwdty  con- 
taining absolute  alcohol.    The  weighing  bottle  was  weighed  back 
and  the  difference  recorded  as  the  weight  of  the  sample.    As  the 
weight  of  one  brain  from  rats  at  this  early  age  is  0.2  —  0.3  gram 
and  as  it  takes  at  least  from  25  to  50  grams  to  make  one  sample 
for  analysis,  a  large  number  of  brains  had  to  be  collected  (100 
brains  of  the  rat  at  birth  for  one  25-gram  sample).    As  this  cov- 
ered a  period  of  several  weeks  it  was  necessary  to  heat  the  sample 
from  time  to  time  in  a  water  bath  kept  at  a  temperature  of  70T. 
to  insure  a  thorough  penetration  of  the  alcohol  and  sterilization. 
The  amount  of  alcohol  was  so  adjusted  as  to  make  the  final  concen- 
tration not  less  than  80-85  per  cent.    A  well  fitting  cork  stopper 
covered  with  tin-foil  was  now  inserted  and  the  bottle  carefully 
shaken  to  insure  a  imif  orm  mixture.    The  dates  of  collection  of  the 
samples  were  recorded,  as  the  time  a  sample  has  been  kept  in  some 
cases  influences  the  analytical  results.*    The  tightly  corked  bottles 
were  then  shipped  to  the  Laboratory  of  Biochemistry  of  the  Uni- 
versity of  Chicago,  where  the  samples  were  analyzed  according  to 
Koch's  methods  of  tissue  analysis.* 


*  A  coarse  weighing  of  the  brain  was  permissible  in  this  instance  as  it 
not  the  exact  brain  weight  that  was  sought  but  merely  data  for  indicating 
roughly  when  the  required  amount  of  material  had  been  obtained. 

^  W.  Koch :  Methods  for  the  Quantitative  Chemical  Analysis  of  Animal 
Tissue,  Journ.  of  the  Amer.  Chem.  Soc^  xxxi,  p.  1340,  1909. 

*  Ibid.,  pp.  1329-64. 
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The  fetal  pig  material  was  collected  by  my  brother  at  the  Chicago 
Stock  Yards.  The  fetuses  selected  were  50,  100,  and  200  mm.  in 
length.  The  pregnant  uterus  was  opened :  and  the  fetuses  removed. 
The  neck-rump  length  of  each  litter  was  taken  and  if  the  average 
length  corresponded  to  one  of  the  three  sizes  mentioned  above, 
,tlie  entire  litter  was  taken,  placed  upon  ice  and  in  this  chilled 
condition  taken  to  the  laboratory,  where  the  brains  were  immedi- 
ately removed,  preserved  and  later  analyzed  according  to  the 
8£Lme  methods  used  for  the  rat  material. 

RESULTS  OF  ANALYSES. 

The  results  from  the  chemical  analysis  of  the  brains  from  the 
new  born  rat  and  the  adult  rat  are  given  in  table  I:  those  of  the 
50,  100,  and  200  mm.  pig  fetuses  are  recorded  in  table  II,  and 
table  III  gives  the  simmiary  of  all  the  averages  which  have  been 
taken  from  the  figures  which  were  most  consistent.  The  brain  of 
the  200  mm.  pig  fetus  was  plainly  more  differentiated,  it  is  there- 
fore left  out  of  tablfe  III  and  of  the  final  discussion  of  results. 

DISCUSSION  OF  CHEB4ICAL  RESULTS. 

Before  taking  up  a  comparison  of  the  new  born  rat  with  the 
pig  fetus  it  may  be  well  to  state,  briefly,  the  chief  chemical  changes 
in  nervous  tissue  during  growth.  It  is  well  known  that  the  chemi- 
cal composition  of  a  tissue  varies  with  age  and  that  the  water 
content  is  one  of  the  most  important  variables.  Donaldson  states 
that,  "the  progressive  diminution  of  the  percentage  of  water  in 
the  brain  is  a  function  of  age  and  is  not  significantly  modified  by 
any  conditions  to  which  the  animals  have  been  thus  far  experi- 
mentally subjected."*  He  suggested  that  this  "is  to  be  regarded 
as  an  index  of  fimdamental  chemical  processes,  which  take  place 
in  the  more  stable  constituents  of  the  nerve  cells."'  The  principal 
chemical  diflferences  due  to  growth,  noted  by  my  brother,  are,  "a 
decrease  in  moisture,  proteins,  extractives,  and  ash  as  the  brain 
increases  with  age,  and  an  increase  in  cerebrosides,  sulphatides, 

*  H.  H.  Donaldson:  On  the  percentage  of  Water  in  the  Brain  and  in  the 
Spinal  Cord  of  the  Albino  Rat,  Journ,  of  Neurol,  and  Psychol,,  xx,  p.  143, 
1910. 

•  IHd, 
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phosphatides,  and  cholesterol;  in  other  words,  an  increase  in  sub- 
stances which  predominate  in  the  fibres  (meduUated  sheath) 
during  growth."^    These  same  differences  are  to  be  found  in  all 

TABLE  I. 

Relative  proportion  of  the  proximate  constituents  of  the  brain  of  the  albino  rat 

at  birth  and  when  adult. 


Moist  weight  of  one  brain. 
Solids  in  per  cent 


albino  rat 

(at  bibth) 


Dry  weight  of  one  brain. 


Number  of  brains  in  sample. 


100 


100 


In  relative  proportions  of  solids. 


Proteins 

Phosphatides. 
Cerebrosides. 
Sulphatides. . , 


Organic  extracts  1 
Inorganic  const.  / 
Cholesterol     ^  . 
Undetermined/ 


Total  S. 
Total  P. 


57.16 
14.8 

O.O* 

1.5 

16.5 
(10.04) 

0.96 
1.82 


57.30 

15.6 

0.0 

1.4 

19.3 
(6.4) 

1.04 
1.92 


Distribution  of  sulphur  in  per  cent  of  total  S. 


Proteins 31.02 

Lipoids 3.2 

Neutrals j  49.14 

Inorganic  S I  16.6 


30.02 

2.8 

47.26 

19.95 


Distribution  of  phosphorus  in  per  cent  of  total  P. 


Protein  P ,      13.3 

Lipoid? 33.2 

Water-soluble  P '      53.5 


33.0 
53.6 


•Mendel,  L:  Amer.  Journ.  of  Phj/nol.,  xxt.  p.  104.  1908. 
t  By  difference. 


AX^IHO  KAT 

(apclt) 


0.25 

0.25 

1.667 

10.42 

10.42 

21.9 

0.026 

0.026 

0.380 

31 


48-5 

22.0 

9-0 

4.6 

9.8 
(6.1) 

0.58 
1  39 


64.2 

15.6 

14.2 

6.0 


6.8 
67.6 
25.6 


^  W.  Koch  and  S.  A.  Mann:  A  Comparison  of  the  Chemical  CompositioD 
of  Three  Human  Brains  at  Diflferent  Ages,  Journ.  of  Physiol,  xxxri, 
pp.  1-3.  (From  the  Proceedings  of  the  Physiological  Society,  NoVember 
23,  1907). 
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TABLE  II. 


ReUuive  proportions  of  the  proximate  constituents  of  the  brain  of  the  fetal  pig 

at  different  ages. 


60  MM.  PIG  rCTUS 


Year  of  analyilB. 


Moist    weight    of    one 

brain 

Solids  in  per  cent 

Dry  weight  of  one  brain 

Number   of   brains   in 
sample 


0.47 
9.04 


100  MM.  PIO  nSTUS 


1.8 
9.1 


'12 


1.91 

8.98 


0.164  0.171 


27 


TUS 

200  mm. 
pig  pbtus 

•12 

•11 

2.15 
8.98 

10.1 

0.193 

27 

In  relative  proportions  of  solids. 


Proteins 

Phosphatides. . . 
Cerebrosides. . . 

Sulphatides 

Organic  extract 
Inorganic  const 

Cholesterol 

Undeterminedf 


.}• 


Total  S. 
Total  P. 


56.6 

58  2 

54.61 

51.5 

51.81 

52.34 

13.0 

15.04 

15.79 

15.7 

16.31 

14.85 

2.4? 

0.8 

1.05 

1.8? 

0.96 

0.84 

22.20 

20.5 

23.84 

24.2 

24.92 

25.44 

2.4* 

2.4* 

2.4* 

4.4* 

4.4* 

4.4* 

(3.4) 

(3.06) 

(2.31) 

(2.4) 

(1.6) 

(2.13) 

0.67 

0.69 

0.58 

0.59 

0.57 

0.55 

1.74 

1.85 

1.90 

1.76 

1.91 

1.82 

43.8 
17.2 

0.00? 
23.2 

(8.42) 

0.55 
1.45 


Distribution  of  sulphur  in  per  cent  of  total  S. 


Protein  S. . . 
Lipoids — 
Neutrals... 
Inorganic  S. 


Distribution  of  phosphorus  in  per  cent  of  total  P. 


Protein  P. 
Lipoid  P. . 


31.6 


15.7 
32.4 


Water-soluble 53.6  I  51.8 


14.0 
29.6 
56.2 


14.5 

14.6 

35.5 

34.5 

31.6 

50.9 

53.8 

5.2 
46.3 
48.5 


*M6ndel.  L.:  Amtr.  Jdum.  of  Physiol.,  xxl,  p.  103,  1908. 

t  By  dtferenoe. 

(?)  Indicates  doubtful  result. 
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TABLE  lU. 


Relative  proportions  of  the  proximate  constituents  of  the  brain  of  the  fetal  pig 
at  different  ages  compared  with  the  brain  of  the  albino  rat  at  birik,  Uecr- 
ages  of  the  foregoing  determinations.) 


no  FETUS 


AUinfO  BAT 


50  mm. 


100  mm.       at  bbth 


Moist  weight  of  one  brain i      0.433  |      1 .90  0.25 

Solids  in  per  cent I      9.22         8.99    '    10.42 


adub 

1.667 
21.9 


Dry  weight  of  one  brain ,      0.039        0. 171  ,      0.026       O.380 


Number  of  brains  in  sample 


95 


30 


100 


In  relative  proportions  of  solids. 


Proteins 

Phosphatides. 
Cerebrosides*. 
Sulphatides... 


Organic  extract  1 
Inorganic  const.  / 

Cholesterol 

Undetermined  {. . . 


Total  S. 
Total  P, 


51.88 

15.62 

0.0 

0.90 

24.69 

4.4t 
20.49 

0.57 
1.83 


57.23 
15.2 
0.0 
1.45 

17.9 


1.87 


Distribution  of  sulphur  in  per  cent  of  total  S. 


Proteins |    55.8 

Lipoids ;      3.13 


Neutrals.., 
Inorganic  S 


28.7 
9.83 


57.28 
3.17 

29.11 
9.51 


30.52 

3.0 

48. 2 

18.27 


Distribution  'of  phosphorus  in  per  cerU  of  total. 


Protein  P 

Lipoid  P 

Water-soluble  P. 


14.8 

14.55 

31.2 

33.8 

53.8 

52.3 

13.3 
33.1 
53.55 


31 


48.5 

22.0 

9.0 

4.6 

9.8 


(8.22)        (6.1) 
1.00 


0.58 
1.39 


64.2 

15.6 

142 

6.0 


6i 
67-6 
25.6 


*  Cerebrosides  not  dstermlned  In  fetal  brelna.    Not  present  aceordlng  to  Mendel. 
t  Mendel,  L:  Amer.  Journ.  of  Physiol.,  xxl,  p.  103,  1908. 
X  By  difference. 
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nervous  tissue  during  growth  and  may  therefore  be  used  in  making 
a  comparison  between  the  brain  of  the  new  born  rat  and  that  of  the 
fetal  pig  to  determine  which  is  the  more  immature. 

We  may  now  proceed  to  consider  in  detail  the  comparison  of  the 
various  constituents*  in  the  brain  of  the  new  born  rat  and  the  pig 
fetus. 

WcUer,  The  per  cent  of  water  in  the  brain  of  the  new  born 
rat  is  closely  similar  to,  but  a  little  lower  than,  that  of  either  the 
50  mm.  or  100  mm.  pig  fetus.  This  would  indicate  that  the  rat  is 
of  about  the  same  physiological  age  as  these  fetuses,  since  the 
differences  are  within  the  limits  of  error. 

Protein.  The  per  cent  of  protein  in  the  total  soUds  is  higher  in 
the  brain  of  the  new  born  rat  than  in  either  that  of  the  50  or  the 
100  mm.  pig  fetuses.  Since  the  per  cent  of  protein  is  highest  in 
the  youngest  material,  this  is  an  indication  that  the  rat^s  brain  is 
less  mature  than  that  of  the  100  mm.  pig  fetus,  but  not  very 
different  from  the  50  mm.  fetus. 

Phosphatides.  The  per  cent  of  phosphatides  is  the  same  in  the 
new  born  rat  as  it  is  in  the  50  and  the  100  mm.  pig  fetus.  This 
would  indicate  a  close  agreement  in  physiological  age  between 
these  two.  This  is  the  lowest  phosphatide  content  yet  obtained  in 
an  analysis  of  the  brain  tissue  and  approaches  that  observed  in  the 
suprarenal,  which,  among  all  the  organs,  comes  closest  to  that  of 
nervous  tissue  in  chemical  composition. 

Cerebrosides.  These  are  absent  in  both  the  new  born  rat,  and 
in  the  pig  fetus,  as  is  to  be  expected  in  nervous  tissue  before  medul- 
lation. 

Sidphaiides.  The  percentage  of  sulphatides  is  about  the  same 
in  the  new  born  rat  as  in  the  pig  fetus,  which  indicates  the  same 
age. 

Organic  extracHves  and  inorganic  consiititents.  These  are  some- 
what higher  in  the  pig  fetus  than  in  the  new  born  rat  and,  except  as 
this  is  associated  with  the  greater  per  cent  of  lymph  in  the  embry- 
onic material,  it  would  indicate  it  to  be  more  immature  than  the 
new  born  rat. 

'  The  nature  and  significance  of  the  constituents  will  be  discussed  in  the 
third  paper  of  this  series. 
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Cholesterol,  The  figures  for  cholesterol  were  not  determined  by 
me,  but  were  taken  from  Mendel*  and  incorporated  here  for  the 
sake  of  completeness. 

This  leaves  undetermined  from  2  to  3  per  cent  which  is  not  more 
than  would  be  expected  in  the  errors  involved  in  making  so  many 
determinations  from  one  tissue  and  calculating  approximate  con- 
stituents from  assiuned  factors. 

The  distribution  of  sulphur  in  per  cent  of  total  sulphur  is  widdy 
different  in  the  two  forms,  but  as  this  is  not  correlated  with  age 
but  is  apparently  a  species  peculiarity,  the  results  are  not  out  of 
harmony  with  the  foregoing  conclusions. 

The  distribuiion  of  phosphorus  between  the  protein,  lipoidaod 
waternsoluble  phosphorus  is  closely  similar  in  the  rat  and  the 
50  and  100  mm.  pig  fetus,  showing  the  physiological  ages  to  corres- 
pond. 

The  remarkably  high  figure  for  neutral  and  inorganic  sulphur  in 
the  rat  at  birth  requires  an  explanation  but  it  is  not  possible  to 
give  this  with  the  data  so  far  at  hand. 

The  general  conclusions  from^  these  figures  are,  that  from  a 
chemical  standpoint  the  brain  of  the  new  born  rat  is  about  as  imnui- 
ture  as  that  of  the  100  mm.  pig  fetus,  being  on  the  whole  a  little 
less  differentiated  than  the  latter. 

The  differences  between  the  brain  of  the  50  nun.  and  the  100 
mm.  pig  fetus  are  not  marked,  and  this  would  indicate  that  there  oc- 
curs between  these  ages  an  increase  in  weight  unaccompanied  by  any 
significant  change  in  chemical  composition.  This  would  corres- 
pond with  the  results  of  Mendel*®  and  Raske^*  who  found  that  in 
the  brains  from  these  young  fetuses  there  is  no  ch^nical  dis- 
tinction between  grey  and  white  matter.  Moreover  the  brain 
of  the  50  nun.  pig  fetus  is  the  youngest  which  it  is  practicable  to 
obtain  for  analysis  and  even  at  this  age  the  tissues  are  so  watery 
and  filled  with  lymph  that  some  error  is  thereby  introduced  in  the 
analysis  of  the  constituent  tissues. 

Since  the  brain  of  the  50  mm.  pig  fetus  shows  no  material  differ- 
ences from  that  of  the  100  nun.  pig  fetus  and  the  latter  is  no  more 

»  L.  B.  Mendel  and  Charles  S.  Leavenworth:  Chemical  Studies  on  Growth. 
IX.  Notes  on  the  Composition  of  Embryonic  Muscular  and  Nervous  Tissiirt. 
Amer.  Journ.  of  Physiol.,  xxi,  p.  103,  1908. 

»o  Ibid, 

"  Raske:  Zeitschr.  f.  physiol.  Chem.f  x,  p.  340,  1886. 
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immature  chemically  than  that  of  the  new  born  rat,  it  appears 
that  the  new  bom  rat's  brain  is  as  young  nervous  material  as  can 
conveniently  be  analyzed  at  present:  and  it  forms,  therefore, 
a  convenient  starting  point  for  the  study  of  the  chemical  diflferen- 
tiation  of  the  central  nervous  system  during  growth. 

CHEMICAL  RESULTS  COMFIRMED  BY  PHYSIOLOGICAL  AND  ANATOMICAL 

DATA. 

It  is  astonishing  that  chemically  the  brain  of  the  new  born  rat 
should  be  as  immature  as  that  of  the  100  mm.  pig  fetus,  but, 
surprising  as  this  fact  is,  it  is  substantiated  by  a  comparison  of 
the  structure  of  the  cerebellum  of  these  two  animals  and  of  their 
behavior  at  the  time  of  birth. 

It  is  a  well-known  fact  that  the  rat  is  bom  in  a  very  immature 
state,  with  its  eyes  shut,  and  when  first  born,  is  capable  only  of 
movements  involved  in  sucking,  bending  the  body  and  tail  and 
making  a  squeaking  noise.*^  The  pig,  on  the  other  hand,  "is  born 
with  its  eyes  open  and  requires  no  assistance  as  a  rule  in  making  its 
start  in  life.  It  is  more  or  less  able  to  walk  around  as  soon  as 
bom."^*  Such  a  state  of  activity  in  the  rat  is  not  reached  until 
the  period  of  weaning  17-21  days  after  birth. 

This  difference  in  physiological  behavior  is  correlated  with  the 
relative  development  of  the  cerebellum  of  the  two  animals;  par- 
ticularly as  indicated  by  the  development  and  transformation  of 
the  outer  granular  layer  of  cells.  A  comparison  of  this  layer  in 
both  animals,  founded  on  the  observations  of  Addison**  who 
studied  the  different  layers  of  the  cerebellum  in  the  albino  rat, 
and  of  Takasu**  who  studied  these  same  layers  in  the  pig  fetus, 
brought  out  the  following  facts : 


"  Wm.  H.  F.  Addison:  The  Development  of  the  Purkinje  Cells  and  the 
Cortical  Layers  in  the  Cerebellum  of  the  Albino  Rat,  Joum,  of  Comp, Neurol,  f 
xxi,  p.  476,  1911. 

"Forbes:  personal  communication. 

"  Wm.  H.  F.  Addison:  Journ,  of  Comp.  Neurol.,  xxi,  p.  464,  I91I. 

"K.  Takasu:  Zur  Entwicklung  der  Ganglienzellen  der  Kleinhirnrinde 
dea  Schweines,  Anal.  Am.,  xxvi,  pp.  225-32,  1905. 
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First  appearance  of  eel 
outer  granular  layer. . . 

Division  of  layer  into  two 
inner  and  outer 

Disappearance  of  cells 
inner  zone  of  layer. . . . 


The  first  appearance  of  the  cells  in  the  ou 
cerebellum  in  the  rat  is  in  the  19-day  fetuf 
50  nun.  pig  fetus.  At  this  time  the  cells  ar 
(two  rows  deep)  around  the  outer  edge  0 
This  layer  increases  until  a  considerable 
cells  which  soon  separate  into  two  strata, 
this  separation  takes  pl.acc  in  the  rat  at  bu 
when  it  is  100  mm.  in  length.  The  cells  1 
layer  now  begin  to  migrate  to  the  inner  gra 
appearance  of  the  cells  from  this  outer  gran 
ponds  with  the  time  of  securing  motor  cont 
in  the  rat  at  the  twenty-first  day  of  life,  a 
is  from  200  to  300  mm.  in  length,  or  at  bi 
therefore,  that  the  new  born  rat  is  as  de' 
motor  activity  as  the  100  mm,  pig  fetus,  an 
ing  (17-21  days  after  birtii)  and  the  pig  at 
ing  physiological  ages.  The  conclusion  fro 
parison,  namely,  that  the  100  mm.  pig  fet 
arc  of  like  physiological  age,  fully  confirmi 
sion  drawn  from  both  chemical  and  physio 
adduced. 

We  now  ask  the  question,  how  far  this  1 
system  of  the  new-l>orn  rat  is  chemically  as  old  as  that  of  tbf 
100  mm.  pig  fetus,  agrees  with  observations  made  by  Donaldson, 
that  the  rate  of  groivth  and  percentage  of  water  in  the  mammaiiu 
nervous  system  (represented  ity  the  brains  of  man  and  the  rat) 
agree  in  the  two  forms  at  equivalent  ages,  thus  indicating  that  the 
nervous  sywtems  are  in  corresponding  physiological  states  at  equal 
fractions  of  the  life  cycles.'* 

"  H.  H.  Dimjtliison :  .V  (Comparison  of  the  White  Rat  with  MaaiDrrapcl 
to  the  Growth  of  the  Kntire  Bo'iy,  Boas  AnHivtrsarg  Volvmt,  1906.  pp. 
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It  remains  therefore  to  inquire  whether  the  chemical  and  behav- 
ior relations  between  the  rat  and  pig  which  have  just  been  pointed 
out,  occur  at  equivalent  ages  in  these  two  forms. 

Great  diflBculty  was  experienced  in  finding  any  statements  con- 
cerning the  age  of  the  pig  fetuses.    The  statements  of  different 
authors  did  not  always  agree,  but  the  two  which  agreed  closest 
were  those  of  Bradley^^  and  Coe.^'    Bradley  compared  the  length 
of  the  embryos  with  the  time  from  coition;  CJoe  estimated  the  age 
from   the  rate  of  development  of  embryos  of  other  mammals. 
While  considerable  uncertainty  thus  attaches  itself  to  these  figures** 
it  may  be  assumed  that  the  50  mm.  pig  fetus  is  about  40  days  old 
from  conception:  the  100  mm.  fetus  is  55-62  days;  and  the  200  mm. 
fetus  is  from  88-90  days  from  conception. 

We  find  in  the  rat  the  period  of  gestation  is  21  days  and  its  span 
of  life  three  years  (Donaldson),  or  a  total  age  of  1116  days; in 
the  pig  the  period  of  gestation  is  125  days  and  its  normal  span  of 
life,  as  far  as  could  be  ascertained,  is  20  years,*®  or  7425  days.  The 
rat,  therefore,  lived  about  one-sixth  as  long  as  the  pig.  Assuming 
that  the  rat  at  birth  has  lived  tit^,  or  i?ff,  of  its  total  life,  the 
60-day  pig  fetus  will  have  lived  yfts^,  or  riij,  of  its  life.  It  appears 
then,  if  the  total  length  of  life  given  is  correct  for  both  animals 
and  the  niunbers  used  for  the  divisors  in  each  case  are  really  com- 
parable as  they  stand,  that  we  do  not  have  corresponding  physio- 
logical conditions  of  the  brain  at  equivalent  ages,  for  these  brains 


»^  O.  C.  Bradley:  On  the  Development  of  the  Hind  Brain  of  the  Pig, 
Journ.  of  Anal,  and  Physiol.j  xl,  Part  I,  p.  1. 

*•  Mendel  refers  to  Professor  Coe  in  Chemical  Studies  on  Growth.  I. 
The  Inverting  Enzymes  of  the  Alimentary  Tract,  especially  in  the  Embryo, 
Amer.  Journ.  of  PhysioL,  xx,  p.  90,  1907-1908. 

*•  Bradley  makes  the  statement,  that  "although  the  age  of  the  different 
embryos  is  given,  it  is  not  intended  that  it  should  signify  more  than  the 
time  which  elapsed  between  the  time  of  coition  and  the  time  when  the  mother 
was  destroyed In  embryos  taken  from  two  litters  it  not  infre- 
quently happens  that  those  which  should  be  further  advanced  in  develop- 
ment, judging  from  the  period  which  has  elapsed  since  sexual  congress  took 
place,  are  as  backward,  or  even  more  backward,  than  those  of  the  'younger* 
litter.**  A  more  definite  way  to  determine  the  age  of  an  embryo  would  be, 
according  to  Mall,  by  ossification.  No  data  were  available  however  for  a 
comparison  between  the  rat  and  the  pig. 

**  Longevity,  Encyclopcedia  Brilannica  (Eleventh  Edition),  xvi,  p.  975. 
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are  found  to  be  in  corresponding  states  at  the  -it  and  the  riv  part 
of  the  total  life  cycles.  Had  the  relation,  in  the  form  stated  above, 
held,  these  fractions  should  have  been  identical.  It  is  only  fair 
to  add,  however,  that  in  view  of  the  absence  of  precise  informatioii 
concerning  the  pig  and  in  view  of  the  fact  that  the  early  days  of 
gestation  are  used  for  cell  division  accompanied  by  only  slight  differ- 
entiation, too  much  stress  should  not  be  laid  on  the  relation  here 
given. 

On  the  other  hand,  instead  of  taking  the  end  of  life  as  the  fixed 
point  of  our  calculations,  we  may  consider  the  time  when  motor 
control  is  obtained  to  indicate  closely  corresponding  states  of  the 
central  nervous  system.    In  the  rat,  motor  control  is  obtained  at 
42  days  from  conception,  and  in  the  pig  at  125  days,  that  is,  at 
birth.    If  the  law  of  corresponding  states  is  correct,  the  nervoos 
system  of  these  two  animals  should  be  in  corresponding  conditKHis 
at  the  same  fractions,  either  J,  J,  or  }  of  these  periods.    This  is 
found  to  be  the  case,  for  the  rat  is  born  after  21  days'  gestation. 
This  would  be  just  half  way  between  the  two  fixed  points  of  concep- 
tion and  time  of  gaining  motor  control  and  this  corresponds  in  the 
pig  to  just  one-half  of  its  gestation  period  or  about  62  days,  which 
is  the  age  of  the  100  mm.  pig. 

It  was  actually  found,  both  chemically  and  anatomically,  that 
the  nervous  systems  of  these  two  animals  were  in  the  same  state 
of  development  at  these  respective  periods  and  it  appears  from  these 
observations  that  Donaldson's  law  may  hold,  if  put  in  the  form: 
the  nervous  systems  of  mammals  are  in  the  same  physiological 
state  at  equal  fractions  of  their  total  periods  of  development. 

In  conclusion  it  gives  me  great  pleasure  to  thank  Dr.  H.  H.  Don- 
aldson and  Prof.  A.  P.  Mathews  for  their  many  suggestions  in 
connection  with  this  problem  and  for  their  aid  in  getting  this  paper 
ready  for  publication.  The  problem  itself  was  suggested  to  me  by 
my  brother  and  forms  the  first  of  a  series  of  papers  which  are  to 
follow  from  time  to  time,  on  the  chemical  differentiation  of  the 
central  nervous  system,  and  on  which  he  was  engaged  at  ihe  time 
of  his  death.  The  work  was  carried  out  in  the  Laboratory  of  Bio- 
chemistry and  Pharmacology  of  the  University  of  Chicago  and 
was  aided  by  a  grant  from  the  Wistar  Institute  of  Anatomy  and 
Biology,   Philadelphia, 
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SUMMARY. 

1.  A  quantitative  determination  of  the  constituents  of  the  brain 
of  the  albino  rat  at  birth  shows  it  to  be  chemically  as  undiflFerenti- 
ated  as  the  brain  of  a  50  nmi.  or  100  mm.  pig  fetus. 

2.  There  is  little  difference  in  chemical  composition  between 
the  50  mm.  and  the  100  mm.  pig  fetus  brain. 

3.  Since  the  50  nmi.  fetus  brain  is  the  youngest  which  can  be 
Analyzed  and  this  closely  resembles  the  100  nun.  fetus,  and  this 
in  turn  is  no  more  immature  than  the  new  born  rat,  it  appears  that 
the  brain  of  the  new  born  rat  is  sufficiently  immature  to  serve  as 
a  starting  point  in  a  study  of  the  chemical  differentiation  of  the 
brain  during  growth. 

4.  That  the  brain  of  the  new  born  rat  is  as  immature  as  the 
100  mm.  pig  embryo  is  shown,  also, by  the  similarity  of  the  changes 
in  the  outer  layer  of  cells  of  the  cerebellar  cortex  in  both  animals 
previous  to  gaining  motor  control,  and  by  the  animal's  behavior 
at  this  period. 

5.  K  the  nervous  systems  are  assumed  to  be  in  corresponding 
states  when  motor  control  is  obtained,  and  Donaldson's  law  is 
correct,  that  the  nervous  system  is  in  the  same  state  at  correspond- 
ing physiological  ages,  then  the  brain  of  the  rat  at  birth  should 
correspond  chemically  with  the  100  nun.  pig  fetus  brain.  This  is 
found  to  be  the  case. 


CONTRIBUTIONS  TO  THE  CHEMICAL  DIFFERENTIA- 
TION OF  THE  CENTRAL  NERVOUS  SYSTEM. 

U.  A  COldPARISON  OF  TWO  METHODS  OF  PRESERVING  NERVE 
TISSUE  FOR  SUBSEQUENT  CHEMICAL  EXAMINATION. 

By  W.  KOCH  and  M.  L.  KOCH. 

{From  the  Hull  Laboratories  of  Biochemistry  and  Pharmacology^  University 
of  Chicago f  and  the  Wistar  Institute  of  Anatomy ^  Philadelphia.) 

(Received  for  publication,  February  20, 1913.) 

With  valuable  biological  material  it  is  sometimes  desirable  to 
make  water  estimations  and  the  estimations  of  the  other  constitu- 
ents on  the  same  sample.  This  can  be  done  somewhat  indirectly 
vf  the  method  already  described^  of  placing  the  fresh,  weighed 
tissues  inunedlately  in  95  per  cent  alcohol  is  used. 

To  see  whether  tissues  in  which  the  water  had  been  determined 
by  drying  could  thereafter  be  analyzed  by  the  methods  referred 
to  above  and  would  yield  the  same  proportion  of  the  various  con- 
stituents as  these  same  tissues  treated  by  the  alcohol  method,  an 
analysis  was  made  of  the  brains  and  spinal  cords  of  albino  rats 
which  had  been  dehydrated  in  these  two  ways.    The  possible 
drawbacks  of  the  heat  method  of  determining  moisture,  namely,  the 
oxidation  or  decomposition  of  part  of  the  material  and  the  evapora- 
tion of  volatile  constituents,  are  obvious,  but  we  had  no  definite 
knowledge  of  how  serious  the  errors  involved  in  the  method  might 
be  in  practice. 

To  determine  to  what  extent  these  changes  took  place  and  what 
they  were,  we  analyzed  material  which  had  been  dried  at  95°C. 
for  one  week  and  which  at  the  end  of  this  time  had  been  placed  in 
alcohol,  and  compared  it  with  similar  material  which  had  been 
placed  directly  in  alcohol.     The  results  are  given  in  the  table. 

It  may  be  seen  by  a  comparison  of  the  results  of  the  two  analyses 
in  the  table,  that  decompositions  seriously  affecting  the  analyses 
are  produced  by  heat  drying,  particularly  in  the  case  of  the  brain. 
The  differences  are  most  marked  in  the  phosphorus  compounds. 

*Koch,  W. :  Journ.  Amer.  Chem.  Soc.^  xxxi,  pp.  1353-4,  1909. 
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Comparison  of  braiju  and  eordt  dried  at  BS'C 
direeUy  in  alcohol  mthou 


In  per  cent 

ofU}lal> 

Proteins 

Organic  ext.        \ 

Inorg&nie  const./ 

Undetermined  lipoide 

Total  a.      . 

8. 8' 

i>i«(ri6ufi'Dn 

o/sulp 

win  per 

Lipoid  S  . 

Diilribution  of  phoaph 

oruiinpt 

'  Obtained  by  dl9>reD(9 

By  drying  there  has  been  a  destruction  < 
ing  a  change  in  the  distribution  of  phos; 
phosphorus;  that  is,  a  considerable  am 
is  changed  to  water-soluble  phosphorus, 
the  sulphur  distribution.  It  will  be  not 
of  the  cord  are  more  resistant  to  heat 
point  of  sufficient  interest  to  justify  re 
We  conclude,  then,  that  the  determina 
95''C.  cannot  safely  be  used,  if  it  is  desire 
sample  the  relative  proportions  of  the  8< 
the  indkect  method  already  described  ii 
pose. 


A     KAPm  CLINICAL  METHOD  FOR  THE  ESTIMATION 

OF  UREA  IN  URINE. 

By  E.  K.  MARSHALL,  Jr. 
i^f^ram  the  Laboratory  of  Physiological  Chemistry,  Johns  Hopkins  University.) 

(Received  for  publication^  February  20, 1913.) 

As  is  well  known,  the  conversion  of  urea  into  ammonium  car- 
bonate can  be  brought  about  by  an  enzyme  found  in  numerous 
bacteria,^  fungi^  and  higher  plants.' 

yNHi  /ONH4 

C0<^  +  2HjO  -  CCXf 

^NHi  X)NH4 

An  enzyme  solution  exerting  this  activity  is  easily  and  conveniently 
prepared  from  the  soy  bean  {Glycine  hispida),^  By  extracting  the 
groimd  tissue  with  acidified  water  and  filtering,  a  perfectly  clear 
solution  is  obtained  which  under  proper  precautions  can  be  pre- 
served for  a  considerable  length  of  time.  A  solution  in  which 
urea  is  to  be  determined  is  treated  with  a  portion  of  this  extract 
and,  after  the  conversion  into  ammonium  carbonate  is  complete, 
the  alkalinity  of  the  solution  is  determined  by  titration  with  stand- 
ard acid  using  an  indicator  which  is  not  appreciably  sensitive  to 

'MuscuIub:  Compt,  rend,  de  VAcad.  des  Sci,,  Ixxxii,  p.  334,  1876;  Leube 
Virchow*s  Archiv,  c,  p.  540,  1885;  Lea:  Journ,  of  Physiol, ,  vi,  p.  136,  1886 
Miquel:  Bull,  de  la  aoc,  chim.  de  Paris,  xxix,  p.  387;  xxxi,  p.  391 ;  xxxii,  p.  136 
also,  Compt.  rend,  de  VAcad.  des  Sci.,  cxi,  pp.  397, 501. 

*  Shibata:  Beitr.  z,  chem.  Physiol,  u.  Path.,  v,  p.  384,  1904. 
'Takeuchi:  Journal  of  the  College  of  Agriculture,  Tokyo,  \,  p.  1,  1909; 

Keiael :  ZettecAr. /.  physiol.  Chem,,  Ixxv,  p.  169,  1911;  Zemplen:  Zeitschr.f. 
physiol,  Chem.,  Ixxix,  p.  229, 1912;  Zeitschr.f.  angew.  Chem.,xxv,  p.  1660, 1912. 

*  This  enz3ane  was  discovered  in  the  seeds  and  seedlings  of  the  soy  beans 
by  Takeuchi  who  employed  its  hydrolyzing  power  for  the  manufacture  of 
ammonium  sulphate  from  urine:  loc.  cit.  and  also  Chem.  Zeitung,  xxxv,  p. 
408,1911. 
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carbonic  acid.  From  the  amount 
of  urea  originally  present  can  I 
dilation. 

With  solutions  of  pure  urea  tl 
theoretical  and,  even  when  appi 
all  that  could  be  desired  in  a  clii 
the  theoretical  being  about  2  p 

The  procedure  to  be  described 
tion  to  pathological  urines  since 
tein,  usually  so  annoying  in  thi 
influence  here  and  need  not  even 

A  large  number  of  methodf 
have  been  devised  for  the  estimi 
tific  investigations,  the  one  prop 
fications,  the  M6rner-Sj6qvist*  1 
Folin's  for  urines  containing  s 
devised  by  Benedict'  have  bee: 
methods,  however,  necessitate 
the  preformed  ammonia  in  the  i 
ciently  simple  to  find  favor  for 
methods,  baaed  upon  the  decor 
solution  of  sodium  hypobromite 
gen  evolved,  are,  therefore,  still 
well  known,  however,  they  are 
are  vitiated  by  the  presence  of 

Miquel*  in  his  investigations 
bacteria  su^ests  that  filtered  ci 
be  utilized  to  convert  the  urea 
bonatc  and  to  estimate  its  amt 
experiment  in  this  connection, 
accurate  method  for  the  determi 


'  Foliiii  Zeitschr.f.  physiol.  Chem., 
xxjivii,  p. 548, 1902-03 -.AmeT.  Joum.  e 
xi,  p.  45,  1912. 

•  MOrner:  Skand.  Arch.f.  Physiol., 
'■  Benedict  and  Gephart:  Joitm.  oj 
IJencdict:  this  Journal,  viii,  p.  405, 
'  Compl.  read,  de  I'Atad.  des  Sci.,  c: 
'  Jniirn.  of  Ind.  and  Eng.  Chem,.  ii, 
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the  invertase  of  yeast.  The  enzyme  solution  employed  hydro- 
lyzes  cane  sugar  completely,  while  it  is  without  action  upon  mal- 
tose, lactose,  starch,  dextrins,  pentosans,  and  the  natural  gluco- 
aides.  The  use  of  the  fermentation  of  glucose  brought  about  by 
yeast  has  been  employed  clinically  for  the  determination  of  sugar 
\u  pathological  urines. 

EXPERIMENTAL. 

Prej>araiion  of  the  enzyme  solution.    The  soy  beans  are  ground 
to  a  fine  powder  which  can  be  preserved  in  well-stoppered  dry 
bottles  for  months  without  appreciable  loss  of  activity.    Twenty- 
five  grams  of  this  powder  are  mixed  with  250  cc.  of  distilled  water, 
and  allowed  to  stand  with  occasional  agitation  for  about  an  hour. 
Twenty-five  cc.  of  tJ-  hydrochloric  acid  are  now  added,  and  the 
mixture  allowed  to  remain  a  few  minutes  longer  (best  in  a  water 
bath  at  about  35°),  when  a  large  proportion  of  the  protein  of  the 
bean  extract  is  precipitated.    The  mixture  is  filtered;  the  filtrate 
treated  with  a  few  drops  of  toluene  and  preserved  for  use  in  a  stop- 
pered vessel.    On  standing  the  originally  clear  fluid  becomes  opal- 
escent, and  finally  a  precipitate  is  formed,  but  the  solution  remains 
sufficiently  active  for  use  in  the  method  at  least  five  days  after  its 
preparation  when  kept  at  the  room  temperature.^®    This  solution 
is  alkaline  to  methyl  orange,  and  2  cc.  generally  require  from 
0.28  to  0.34  cc.  of  ts  hydrochloric  acid  for  neutralization.    This 
factor  should  be  determined  once  for  2  cc.  of  each  preparation  and 
can  then  be  employed  as  a  correction  as  long  as  the  solution  is 
used.    The  alkalinity  is  apparently  constant  from  day  to  day. 
If  for  any  reason  the  extract  should  not  be  distinctly  alkaline  to 
methyl  orange,  less  acid  should  be  used  in  its  preparation,  as  an 
extract  which  reacts  acid  to  methyl  orange  is  scarcely  active. 

Execution  of  the  method.  Two  5  cc.  portions  of  the  urine  are 
measured  into  flasks  of  200-300  cc.  capacity  and  diluted  with 
distilled  water  to  about  100-125  cc.  Two  cc.  of  enzyme  solution 
are  added  to  one  flask,  a  few  drops  of  toluene  to  each  and  the  solu- 
tion allowed  to  remain,  well  stoppered,  at  room  temperature  over- 

^^  The  enzyme  solution  loses  its  activity  much  more  rapidly  at  a  higher 
temperature  (35**),  and  would,  therefore,  probably  keep  better  in  an  ice 
chest.  I  am  at  present  investigating  the  problem  of  preparing  a  purer  solu- 
tion and  finding  means  of  preserving  its  activity. 
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night.  The  fluid  in  each  flask  is  titrated  to  a  distinct  pink  cokr 
with  TT  hydrochloric  acid,  using  methyl  orange  as  an  indicator. 
The  amount  of  hydrochloric  acid  required  for  the  contents  of  the 
flask  containing  the  urine  and  enzyme  solution  le^  the  amount 
used  for  5  cc.  of  urine  alone  and  that  previously  determined  for 
2  cc.  of  enzyme  solution,  corresponds  to  the  urea  originally  presmt 
in  the  sample  of  urine.  Since  1  cc.  of  -fff  hydrochloric  acid  is  equi- 
valent to  3  mgm.  of  urea,  the  number  of  cubic  centimeters  required 
multiplied  by  0.6  gives  the  value  of  urea  expressed  in  grams  per 
liter  of  urine.  The  completeness  of  the  conversion  of  the  urea  into 
ammonium  carbonate  can  be  tested  at  any  time  by  performing  one 
determination  as  described  and  a  duplicate  which  is  allowed  to 
stand  at  35**-38°.  The  results  of  the  two  experiments  should  be 
identical  provided  the  hydrol)rsis  is  complete,  but  if  the  enzjine 
has  not  converted  all  the  urea  in  the  first  determination,  the  second 
will  give  higher  results.  The  same  purpose  is  attained,  of  course, 
by  allowing  the  second  determination  to  proceed  at  the  same  tem- 
perature but  some  hoiuis  longer  than  the  first. 

Length  of  time  necessary  for  the  complete  conversion.  The  time 
required  for  complete  hydrolysis  of  the  urea  depends  upon  the 
quantity  of  urine  used,  the  concentration  of  the  urea,  the  amount  of 
enzyme  present,  and  the  temperature  of  action.  The  velocity  of 
the  reaction  is  approximately  twice  as  rapid  at  35**  as  at  25**,  and 
directly  proportional  to  the  enzyme  concentration  within  eertaifl 
limits.  As  shown  by  the  following  data,  5  cc.  of  urine  or  5  cc.  of  a 
2  per  cent  urea  solution  required  about  3  hours  for  complete  hydro- 
lysis at  a  temperature  of  35**. 


TIME 


2  PER  CBNT  UREA  SOLUTION:  COB- 

RBCTBD  value:  CO.  0.1  n  HCl 


houn 

1 

23.45 

2 

32.55 

3 

33.15 

4 

24 

33  10 

urine:  corrected  TALCt 

00.  0.1  N  HCl 


26.03 
37  00 
40.74 
40.78 


The  conversion  is  complete  in  less  than  1  hour  at  35®,  when  10 
cc.  of  the  enzyme  solution  are  employed  instead  of  2  cc. 
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mimuiet 
45 
80 


COBBBOTSD  ▼▲LUS:  OC.  0.1  If  HCl 


33.26 
32.68 


A  cloudiness,  however,  is  produced  on  titrating  a  solution  con- 
taining 10  cc.  of  the  enzyme  mixture,"  which  renders  the  end  point 
uncertain  and  the  procedure  less  accurate.  With  the  use  of  only 
2  cc.  of  enzyme  solution  this  cloudiness  is  scarcely  noticeable. 
If  more  rapidity  is  required  than  is  attained  by  the  method  as  out- 
lined, digestion  for  three  hours  at  a  temperature  of  35**-38°  will 
suffice,  or,  if  accuracy  is  to  be  sacrificed  to  rapidity,  less  urine  and 
more  enzyme  solution  can  be  employed. 

AppKcation  of  the  method  to  pure  urea  solutions.    The  following 
table  explains  itself. 


OBAMBUBBA 

00. 0.1  N  HCl 

COBBSOnON  FOB 

OBAMB  UBBA  PBB  100 

100  OC.  U8SD 

BKQUIBBD 

■Nsna  soLunoir 

CO.  FOUND 

0.600 

8.55 

0.28 

0.4962 

1.000 

16.79 

0.28 

0.990e 

2.000 

33.50 

0.30 

1.9920 

2.000 

33.45 

0.30 

1.9890 

Application  of  the  method  to  urine.  The  following  results  ob- 
tained with  a  sample  of  normal  urine  are  a  fair  example  of  the 
agreement  by  this  method.  Two  duplicate  determinations  car- 
ried out  at  room  temperature  gave  2.190  and  2.187  grams  of 
urea  per  100  cc.  Two  similar  determinations  on  the  same  sample 
but  carried  out  at  37**  gave  2.200  and  2.173  grams  per  100  cc.  The 
effect  of  adding  a  known  amount  of  urea  to  the  urine  is  shown  below. 
Two  cc.  portions  of  urine  were  used  and  5  or  10  cc.  portions  of  a 
1  per  cent  urea  solution. 


AMOUKT  UBBA 

AODBD  BXPBB08BD 

IK  00.  0.1  N  HCl 

BBQUXBBD  BT  UBIMB 

alonb:  CO.  0.1  N  HCl 

BBQUIBED  BT  UBINE 
AND  UBBA 

OC.  0.1  N  HCl 

16.67 

16.67 
33.33 

15.35 
16.52 
15.35 

31.86 

33.00 
48.55 

DIFFBBSNCE  UBBA 
FOUND  BXPBE88BD  IN 

OC.  0.1  N  HCl 

16.51 
16.48 
33.20 
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uric  acid  and  hippuric  acid  were  converted  into  the  sodium 
by  the  addition  of  the  theoretical  quantity  of  -^  sodium 
liydroxide. 

The  last  two  samples  were  treated  with  an  excess  of  -^  hydro- 
cliloric  acid,  boiled  to  expel  the  carbon  dioxide,  cooled,  and  titrated 
-with  alkali. 

Application  of  the  method  to  urine  containing  sugar  and  albumin. 
Variable  quantities  of  egg  albumin  and  glucose  were  added  to  a 
sample  of  normal  urine,  and  the  urea  determined. 


ADDBD  TO  5  Cr.  URINX 


5  OC.  UBINS  ALONE 

BBQUIBBD  CC. 

0.1  N  HCl 


0.2  CC.  egg-albumin 
1 .0  CC.  egg-albumin 

0 . 1  gram  glucose 

0.1  gram  glucose 

0.0  gram  glucose — 
0.5  gram  glucose 


1.80 
1.91 
2.12 
2.80 
1.90 
1.90 
1.87 
1.87 


5  OC.  UBINB  ATTEB 
HTDBOLTBm  BB- 
QUIBBD CC.  0.1 

nHCl 

COBBKCTED  VALUB 
OC.  0.1  N  HCl 

40.66 

38.51 

40.80 

38.59 

40.85 

38.43 

41.48 

38.38 

40.65 

38.45 

40.77 

38.57 

40.74 

38.57 

40.81 

38.64 

Effect  of  the  carbon  dioxide  on  the  titrations.  The  results  obtained 
on  pure  urea  solutions,  urea  solutions  added  to  urine,  and  urea  in 
the  presence  of  various  nitrogenous  substances  and  salts  are  con- 
sistently 1  to  2  per  cent  lower  than  the  theoretical  values.  In 
the  two  experiments  in  which  the  carbon  dioxide  was  removed  by 
boUing,  the  figures  differ  from  the  theoretical  by  only  a  few  tenths 
of  one  per  cent.  The  lower  values  are  undoubtedly  caused  by  the 
effect  of  the  carbonic  acid  on  the  indicator  in  the  presence  of  neu- 
tral salts,  especially  the  ammonium  chloride  formed  during  the 
titration.*^  The  magnitude  of  this  error  was  determined  by  titrat- 
ing a  solution  of  ammonium  carbonate  with  and  without  the 
removal  of  the  carbon  dioxide. 


"  This  is,  of  course  a  well-known  fact.  However,  the  extent  of  the  error 
involved  by  using  methyl  orange  with  carbon  dioxide  in  the  presence  of 
neutral  salts  is  generally  underestimated.  Acree  and  Brunell  have  already 
pointed  out  this  fact  (see  Amer.  Chem.  Journ.,  xxxvi,  p.  120, 1906).  The  fact 
that  the  reaction  may  be  slightly  reversible  must  not  be  overlooked  in  this 
connection,  although  no  evidence  of  such  reversibility  has  so  far  been 
obtained. 
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Ten  cc.  of  ammonium  carbonate  solution  required  29.78  and 
2SIS1  CO.  of  TT  HCl.  Removing  the  carbon  dioxide,  10  cc.  required 
3a03  and  30.05  cc.  of  ^  HCl.  The  error  is,  therefore,  about  0.8 
per  cent.  Removing  the  carbon  dioxide  would,  of  course,  increase 
die  accuracy  of  the  method,  but  as  the  control  with  5  cc.  of  urine 
:ilone  cannot  be  subjected  to  the  same  treatment  (adding  excess 
:jMid,  boiling,  and  retitrating)  on  account  of  an  hydrol3rsiB  of  the 
urea,  it  is  not  introduced  as  an  essential  featiu'e.  The  carbon 
liioxide  could  also  be  removed  by  passing  a  rapid  current  of  air 
through  the  acidified  solution,  or  pumping  out  in  vacuo. 

The  use  of  this  refinement,  however,  is  scarcely  desirable  when 
dealing  with  urine  since  results  within  an  error  of  2  per  cent"*  can 
be  secured  by  the  more  rapid  procedure. 


"  The  method  described  in  this  paper  is  recommended  for  the  rapidity 
with  which  it  can  be  executed  and  the  very  fair  degree  of  accuracy  secured 
But  by  the  introduction  of  certain  refinements  ( the  distillation  of  ammonia 
before  the  titration  is  made)  the  method  can  be  made  sufficiently  aecoratc 
for  scientific  work  such  as  the  determination  of  urea  in  the  blood.  I  am  it 
present  engaged  with  problems  of  this  nature. 


THE  LIPINS  OF  THE  HEART  MUSCLE  OF  THE  OX.^ 

By  JACOB  ROSENBLOOM. 

iF'rcnn  the  Laboratory  of  Biochemistry  of  the  University  of  Pitteburgh,  Pitts- 
burgh, Pa.)* 

(Received  for  publication,  February  21,  1913.) 

The  question  of  how  lipins  are  combined  in  cellular  material  is 
of  great  importance.  The  writer  in  another  connection*  has 
reviewed  our  knowledge  of  all  the  known  combinations  in  which 
lipins  may  exist  in  cellular  material. 

On  account  of  the  labile  nature  of  these  substances  it  is  possible 
that  our  methods  of  extraction  may  change  the  true  nature  of 
these  substances.  Recently  MacLean  and  Williams,*  by  extract- 
hig  dog's  liver  in  the  cold  with  ether  and  alcohol,  show  that  as 
much  as  84  per  cent  of  the  total  extract  is  of  the  nature  of  phospha- 
tide (phospholipin)  and  conclude  "that  the  essential  fat  of  the 
liver,  and  probably  of  certain  other  organs  is  really  phosphatide, 
and  under  certain  circumstances,  if  care  be  taken  to  avoid  dlsin- 
t^ration  during  the  process  of  extraction,  it  may  be  practically  the 
only  one  found  in  any  appreciable  amount  in  the  combined  part 
of  the  fat." 

In  light  of  the  recent  observations  of  Leathes*  and  his  co-workers, 
which  show  the  liver  to  be  an  active  agent  in  the  elaboration  of 

^  A  preliminary  account  of  this  work  was  published  in  Science,  xxxiv, 
p.  221,  1911;  Biochem,  Bxdl,  i,  p.  114,  1911. 

<  Most  of  the  analytical  data  presented  in  this  paper  were  obtained  while 
working  in  the  Laboratory  of  Biological  Chemistry  of  Columbia  University, 
at  the  College  of  Physicians  and  Surgeons,  New  York  City. 

*  Studies  in  Cancer  and  Allied  Subjects ,  Conducted  under  the  Auspicies  of 
the  George  Crocker  Special  Research  Fund^  Volume  III,  Department  of  Bio- 
logical Chemistry. 

*  Biochem.  Journ.,  iv,  p.  455,  1909. 

*  Mottram:  Journ.  of  Physiol. ,  xxxviii,  p.  281,  1909;  Leathes :  Arc^.  /.  exp. 
Path.  u.  Pharm.  {Schmiedeberg's  Festschrift),  1908,  p.  327;  Lancet,  clxxvi; 
p.  594,  1909;  Hartley:  The  Fats,  1910;  Journ.  of  Physiol.,  xxxvi,  p.  17,  1907; 
ibid.,  xxxviii,  p.  353,  1909;  Hartley  and  Mavrogordato:  Journ.  of  Path,  and 
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the  complex  "fats''  and  that  it  effects  the  desaturation  of  fatty 
acids,  it  is  possible  that  this  organ  might  contain  a  larger  amount 
of  phospholipin  than  other  organs  supposedly  not  so  important  in 
the  elaboration  of  substances  of  the  nature  of  the  complex  fats;  and 
that  it  was  not  so  much  a  question  of  the  disintegration  of  the 
phospholipins  during  extraction  as  it  was  whether  the  liver  "fat" 
might  be  different  from  the  fat  of  other  organs. 

Paton^  however  obtained  the  following  results  as  regards  the 
amount  of  lecithin  in  the  ether  extract  of  liver  of  rabbits.  A 
rabbit  liver  was  divided  into  two  parts,  one  part  being  dried  at 
38**C.  for  forty-eight  hours,  the  other  dried  for  eight  hours  on  a 
water  bath.  The  liver  dried  at  38°  yielded  56.1  per  cent  of  lecithin 
in  the  ether  extract  and  the  liver  dried  on  the  water  bath  gave  58.4 
per  cent  of  lecithin  in  the  ether  extract,  showing  that  very  little 
change  had  taken  place. 

The  following  experiments  show  that  only  aboid  Ifi  per  cetd  of 
the  ether  and  alcohol  extract  of  heart  muscle  of  the  ox  is  composed  of 
phospholipin  and  practically  no  difference  in  this  percentage  i«w 
obtained  on  comparing  the  extractions  carried  out  in  the  cold  with 
those  carried  out  at  the  boiling  point  of  the  solvent. 

The  preparation  of  the  organs  for  analysis,  the  extractions  and 
the  estimation  of  the  phospholipins  were  carried  out  according  to 
the  methods  described  in  a  former  paper.^  The  extractions  in 
the  cold  were  conducted  as  follows:  the  material  was  placed  in  a 
thick-walled  liter  bottle,  about  500  cc.  of  solvent  added,  and  the 
bottle  shaken  vigorously  for  four  periods,  of  fifteen  minutes  each, 
during  every  twenty-four  hours.  The  extract  was  then  decanted 
and  a  fresh  supply  of  the  solvent  added.  This  was  continued 
until  a  fresh  supply  of  solvent  yielded  no  residue  when  carried  to 
dryness. 

I  thought  it  would  be  of  interest  also  to  carry  out  extractions, 
first  with  ether,  then  with  alcohol  followed  by  ether,  and  compare 
this  extract  with  that  obtained  by  first  extracting  with  alcohol, 
then  with  ether  followed  by  alcohol. 

Bact.^  xii,  p.371,  1908;  Kennaway  and  Leathes;  Proc.  Roy.  5oc.Afe<i., Febru- 
ary, 1909;  Leathes  and  Wedell :  Jot/rn  of  Physiol. y  xxxviii,  1909,  Proceedings, 
p.  xxxviii. 

*  Journ.  of  Physiol.,  xix,  p.  181,  1896. 

'  Hanets  and  Rosenbloora:  Joum.  of  Exp.  Med.f  xiii,  p.  355,  1911. 
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The  following  tables  contain  the  results  obtained  in  this  study. 


TABLE  1. 
A .    Extraction  with  ether  followed  by  alcohol  and  then  ether,  at  room 

temperature. 


MTO. 


1 

2 


1 
2 


WBIOHT  OF 

DRISD  HBABT 

IIUSCLS 


ffT9fnt 

56.4450 
47.1715 


■THBB 

9XTRACT 


gram* 

7.4140 
6.1230 


ALCOHOL  AND 
BTHXR  ■XTRAdl 


Qntns 

2.4505 
1  8975 


TOTAL 
XXTRACT 


Qntns 

9.8645 
8.0205 


PEBCENTAOB 
OP  LIPINB  IN 
TiaSUK 


17.48 
17.00 


PBRCBNTAOE  OP 

PHOSPHOLIPINB 

IN  THK  LIPIN 

EXTRACT 


40.54 

40.80 


jS.    Extraction  with  ether  followed  by  alcohol  and  then  ether  in  Soxhlet  appara- 
tus f  at  boiling  point  cf  solvent. 


61.5260 
61.3020 


9.0020 
8.9005 


3.9050 
3.6380 


12.9070 
12.5385 


20.45 
20.98 


41.56 
41.84 


On  comparing  the  above  data  it  is  evident  that,  by  extracting 
the  tissue  at  the  boiling  point  of  the  solvent,  about  3  per  cent  more 
lipins  are  obtained  than  when  the  extraction  is  carried  out  at  the 
room  temperature.  This  may  be  due  to  the  breaking  up  of  cer- 
tain protein-lipin  compounds  at  this  temperature.  However, 
the  percentage  of  phospholipins  is  practically  the  same  in  the 
extract  obtained  in  the  cold  as  compared  with  that  carried  out  at 
the  boiling  point  of  the  solvent. 


TABLE  2. 
A.    Extraction  with  alcohol  followed  by  ether  and  then  alcoholf  at  room 

temperature. 


no. 


1 

2 


1 
2 


WEIGHT  OP 

DRIED  HEART 

IIUICLB 


gram9 

32.2340 
45.1300 


ALCOHOL 
EXTRACT 


granu 

4.4970 
6.7365 


ETHER  AND 
ALCOHOL 
EXTRACT 


QTQtnM 

1.6805 
2.0810 


TOTAL 
XXTRACT 


gram* 

6.1775 
8.8175 


PERCENTAGE 
OP  LIPINS  IN 

TisauK 


19.16 

19.54 


PERCENTAGE  OP 

PHOSPHO  LIPIN 

IN  THE  LIPIN 

EXTRACT 


43.57 
42.98 


B.    Extraction  with  alcohol  folio ived  by  ether  and  then  alcohol  in  Soxhlet 

apparatus f  at  boiling  point  of  solvent. 


44  5830 
44.2490 


6.0630 
6.1035 


3.0365 
3  3a55 


9.0995 
9.4909 


20.41 
21 .  26 


42.86 
42.18 
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On  comparing  these  extractions,  we  find  that  the  amount  of 
extract  obtained  at  the  boiling  point  of  the  solvent  is  aboat  1.0 
per  cent'  higher  than  that  obtained  in  the  cold,  while  the  percentage 
of  phospholipins  contained  in  the  extract  is  about  the  same  in 
both  cases.  It  may  also  be  noted  that  extraction  with  etb^ 
followed  by  alcohol  and  then  ether  at  room  temperature  gives 
about  2  per  cent  less  extract  when  compared  with  the  extract 
obtained  by  extraction  with  alcohol  followed  by  ether  and  then 
alcohol  at  room  temperature. 


NOTE  ON  FOLIN'S  MICROCHEMICAL  METHOD  FOR 

THE  DETERMINATION  OF  UREA. 

By  JOSEPH  C.  BOCK. 

(From  the  NtUrilion  Laboratory  of  the  Carnegie  Institution  of  Washington, 

Boston,  Massachusetts.) 

(Received  for  publication,  February  25,  1913.) 

The  total  nitrogen  in  urines  as  determined  by  th^  method  of 
Folin  and  Farmer^  can  be  obtained  by  determining  the  ammonia 
color?metrically  or  by  titration  with  tv  or  t??^  alkali  and  acid.  The 
urea  nitrogen  is  usually  determined  colorimetrically,*  but  the 
somewhat  shorter  method  of  titration  was  tried  in  our  laboratory. 
When  the  urea  nitrogen  is  determined  colorimetrically  the  results 
are  very  accurate,  but  when  the  titration  is  used  the  results  ob- 
tained are  too  low.  I  therefore  conducted  some  experiments  to 
find  the  cause  of  this  deficiency. 

I  started  by  making  blank  tests  with  different  brands  of  sodium 
acetate.  Seven  grams  of  sodium  acetate  were  put  into  a  Jena 
test  tube  (200  mm.  by  20  mm.),  a  porcelain  shot  (to  prevent  bump- 
ing), the  heat  indicator  and  1  cc.  of  50  per  cent  acetic  acid  were 
added  and,  in  place  of  the  urea  solution,  1  cc.  of  ammonia-free 
water  was  used.  The  stopper  with  the  tube,  which  acts  as  reflux 
condenser,  was  put  in  and  the  tube  heated  according  to  the  method 
for  ten  minutes.  After  cooling  for  a  short  time,  the  condensing 
tube  was  rinsed  with  5  cc.  of  water  and,  after  adding  2  cc.  of  con- 
centrated sodium  hydroxide,  air  was  blown  for  ten  minutes  through 
the  apparatus  and  into  an  Erlenmeyer  flask  containing  10  cc.  of 
r?ir  hydrochloric  acid  and  40  cc.  of  water.  The  air  current  was  of 
the  strength  used  in  all  our  ammonia  and  nitrogen  determinations. 
In  each  case  I  found  that  the  amount  of  acid  in  the  Erlenmeyer 
flask  had  increased,  which  would  of  course  lower  the  amount  of 
nitrogen.    These  tests  were  all  made  by  cooling  the  tube  to  room 

*  Folin  and  Farmer:  this  Journal,  xi,  p.  493, 1912.  ^ 

'  Folin:  this  Journal,  xi,  p.  507,  1912. 
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After  this  I  tried  adding  more  than  2  cc.  of  sodium  hydroxide. 
This  decreases  the  acidity  somewhat,  but  does  not  retain  all  the 
acid.  Besides  it  makes  the  passing  of  air  more  difficult  on  account 
of  the  increased  bulk  of  liquid  in  the  tube. 

A  different  arrangement  of  apparatus  was  therefore  necessary. 
A  second  tube,  B,  exactly  like  the  first  one  and  fitted  with  a  stopper 
with  the  same  arrangement  of  tubes,  was  put  between  the  tube  A 
containing  the  mixture  and  the  Erlenmeyer  flask  which  holds  the 
rffff  hydrochloric  acid.  This  tube  contained  3  cc.  of  40-45  per  cent 
sodium  hydroxide,  so  that  the  air  had  to  pass  through  the  strong 
alkali  before  going  into  the  standard  solution. 


It  was  necessary  to  pass  the  air  current  through  for  fifteen 
niinutes  intead  of  ten  minutes  as  previously.    The  following  results 


298  Urea  Estimation 

show  that  with  this  arrangement  all  the  acetic  acid  is  retained  and 
satisfactory  results  are  obtained.  The  figures  give  the  amount  in 
cubic  centimeters  of  urea  nitrogen  found. 

The  sample  used  was  a  solution  of  pure  urea  made  up  to  contain 
1  mgm.  of  nitrogen  per  cubic  centimeter. 

0.9d5  0.9d3  1.001 

0.993  0.995  1.001 


RESEARCHES    ON   PURINES. 

ON   2-TmO-6,8.DIOXYPURINE  AND  2,8.DITmO-6-OXYPURINE.    ON 
THE  DESULPHURIZATION  OF  THIOPURINES,     ON  A 
NEW  METHOD  OF  PREPARING  XANTHINE. 

NINTH    PAPER.* 

By  carl  O.  JOHNS  and  ALBERT  G.  HOGAN. 
(From  the  Sheffield  Laboratory  of  Yale  University.) 

(Received  for  publication,  February  25,  1913.) 

Only  one  of  the  three  dioxy-monothio-purines  theoretically 
possible  has  been  described,  namely,  2,6-dioxy-8-thiopurine.*  We 
find  that  2-thio-6,8-dioxypurine  (V)  can  easDy  be  prepared  m 
quantity  by  heating  a  mixture  of  2-thio-4,5-diamino-6-oxypyrimi- 
dine  (II)'  and  m*ea.  The  reaction  is  very  smooth,  the  yield  being 
almost  quantitative. 

None  of  the  three  monoxy-dithio-purines  required  by  theory  has 
hitherto  been  described.  We  have  also  prepared  one  of  these 
compoimds,  namely,  2,8-dithio-6-oxypurine  (III).  This  purine 
was  obtained  in  good  yields  by  heating  a  mixture  of  2-thio-4- 
5-diamino-6-oxypyrimidine  and  thiourea. 

Some  years  ago  Wheeler  and  Liddle*  found  that  when  2-thioura- 
cil  (X)  was  boiled  in  a  solution  of  monochloracetic  acid  the  thio- 
P3nrimidine  was  converted  to  uracil-2-thioglycollic  acid  (XI)  which 
being  unstable  was  consequently  hydrolyzed  to  uracil  (XII). 
Johnson,  Pfau  and  Hodge*^  have  shown  that  thiohydantoins  can 
readily  be  desulphurized  by  boiling  them  with  an  aqueous,  solution 
of  chloracetic  acid.    The  thiopurines  described  in  this  paper  form 

*  This  Journal,  xiv,  p.  1, 1913. 

*  E.  Fischer:  Ber,  d.  deutsch,  chem.  Geselhch.,  xxxi,  p.  445, 1898. 

*  W.  Traube:  Ann.  d.  Chem.  (Liebig),  cccxxxi,  p.  75,  1904. 

*  Wheeler  and  Liddle:  Amer.  Chem.  Joum.,  xl,  p.  552, 1908. 
^Johnson,  Pfau  and  Hodge:  Journ,  Amer.  Chem.  Soc,  xxxiv,  p.  1041, 

1912. 
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EXPERIMENTAX.  PART. 

S-Thio^jS-dioxypurine. 

HN— CO 

I       I 
SC     O— NH 


\:o 


HN— -C— NH 

Five  grains  of  2-thio-4,5-diamino-6-oxypyriniidine'  and  5  grams 
of  urea  were  pulverized  together  and  the  mixture  was  heated  iD  an 
oil  bath  at  170 — 180°C.  for  an  hour.  This  treatment  gavea  hard 
crust  which  was  dissolved  in  hot  dilute  sodium  hydroxide.  After 
filtering  ofif  a  trace  of  insoluble  substance,  the  hot  filtrate  was 
acidified  with  acetic  acid.  A  precipitate  formed  immediately. 
This  consisted  of  minute  crystals  and  weighed  5.4  grams  or  93 
per  cent  of  the  calculated  weight.  The  crystals  were  very  stabb 
and  did  not  melt  at  SIO^'C.  They  were  soluble  in  about  500  parts 
of  boiling  water  and  almost  insoluble  in  cold  wat^.  They  did 
not  dissolve  in  alcohol  or  benzene.  They  were  moderately  stJuWe 
in  dilute  ammonia  and  easily  soluble  in  dilute  sodium  hydroxide. 
They  gave  a  brilliant  murexide  reaction.  An  ammoniacal  solution 
of  the  purine  gave  a  precipitate  on  adding  a  few  drops  of  8ih?w 
nitrate  solution.     The  substance  was  dried  at  130®C.  for  analyse 

Galoulftted  for  Fbond: 

aH40iN«S:  I  n 

N 30.43  30.53       30.73 

6j8'IXoxyjmnne-24hioglycolUc  acid. 

HN— CJO 

I       I 
HOOCCHaSC     C— NH 

Nco 

-NH 

This  compound  could  be  obtained  by  boiling  2-thio-6,8-dioxy- 
purine  in  an  aqueous  solution  of  monochloracetic  acid  but  owing  to 
the  slight  solubility  of  the  dry  thiopurine  it  was  prepared  as  foUovs: 

«W.  Traube:  Ann.  d.  Chertu  (Liebig),  cccxxxi,  p.  76,  1904. 
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Two  grams  of  2-thio-6,8-dioxypurine  were  suspended  in  150  ec.  of 

hot  i^ater  and  just  enough  sodium  hydroxide  to  effect  solution  was 

added.    The  purine  was  then  repreeipitated  in  a  finely  divided 

state  by  adding  acetic  acid.    To  this  mixture  were  then  added  6 

grams  of  monochloracetic  acid  and  on  boiling  for  twenty  minutes 

under  a  return  condenser  complete  solution  took  place.    This 

solution  was  evaporated  to  dryness,  the  residue  was  dissolved  in 

dilute  ammonia  and  on  acidifying  with  acetic  acid  the  glycollic 

acid  derivative  was  obtained  as  a  finely  divided  precipitate. 

This  dissolved  in  about  100  parts  of  boiling  water  but  was  difficultly 

soluble  in  cold  water  and  did  not  dissolve  in  alcohol  or  benzene. 

It  did  not  have  a  melting  point  but  decomposed  at  about  225^0. 

It  gave  a  murexide  reaction  and  its  ammoniacal  solution  gave  a 

precipitate  on  adding  silver  nitrate.    The  yield  was  quantitative. 

The  substance  was  dried  at  130°C.  for  analysis. 

Onleulated  for 
OHCO4N4S:       Found: 

N 23.14  23.40 

The  anmionium  salt  of  6,8-diox3rpurine-2-thioglycollic  acid  was 
obtained  when  the  purine  was  dissolved  in  dilute  ammonia  and  the 
solution  was  acidified  with  acetic  acid. 

Calculated  for  Found: 

CrHtOtNtS:  I  II 

N 27.02  26.90       26.85 

Uric  acid. 

HN— CO 

I       I 
oe    C— NH 


> 


:o 

HN— C— NH 

The  ammonium  salt  of  6,8-dioxypurine-2-thioglycollic  acid  was 
dissolved  in  hot  20  per  cent  hydrochloric  acid  and  the  solution  was 
boiled  for  two  hours.  Uric  acid  was  obtained.  The  reaction  was 
quantitative.  Uric  acid  was  also  obtained  from  the  free  purine 
as  follows:  A  solution  of  6,8-dioxypurine-2-thioglycollic  acid 
was  prepared  as  previously  described.  An  equal  volume  of  con- 
centrated hydrochloric  acid  was  then  added  and  the  solution  was 

m  JOUBXTAL  or  BIOLOaiCAL  CBBMI0rBT.  VOL.  XIV,  MO.  3. 
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boiled  under  a  reSux  coDden 
evaporated  to  drynese  and 
sodium  hydroxide.  Whenth( 
chloric  acid,  uric  acid  was 
yield  was  quantitative. 


Two  grams  of  2-thiohypo 
of  hot  water  and  sufficient  s 
was  added.  The  thiohypw 
finely  divided  state  by  mean 
chloracetic  acid  were  added 
return  condenser.  In  about 
and  was  then  evaporated  to  • 
was  washed  with  cold  water 
acid  derivative  was  obtaine( 
and  dillicultly  soluble  in  co 
benzene.  It  dissolved  readiJ 
xide.  It  decomposed  at  ah 
substance.  Its  ammoniacal 
nitrate.     The  substance  was 


2-6-Dioxy 


!.  Traube:  Ann.  d.  Chem.  (I 
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One  part  of  hypoxantliine-2-thioglycoIlic  acid  was  dissolved  in 
about  75  parts  of  hot  20  per  cent  hydrochloric  acid  and  the  solu- 
tion 'was  boiled  under  a  reflux  condenser  for  two  hours.  After 
evaporating  to  dryness  the  residue  was  taken  up  in  hot  dilute 
sodium  hydroxide  and  the  filtered  solution  was  acidified  with  acetic 
acid.     The  xanthine  which  precipitated  was  almost  colorless. 

In  order  to  prepare  xanthine  from  2-thiohypoxanthine  it  is 
unnecessary  to  isolate  the  intermediate  thioglycollic  acid  deriva- 
tive. When  a  solution  of  the  latter  compound  has  been  prepared, 
as  previously  described,  an  equal  volume  of  concentrated  hydro- 
chloric acid  is  added  and  the  mixture  is  boiled  for  two  or  three 
hours  and  then  evaporated  to  dryness.  The  yield  of  xanthine  is 
almost  quantitative. 

Calculated  for 
CkHiOaN^:  Found: 

N 36.84  36.71 


2j8'IHthi(h6-oxy'punne. 
HN— CO 


SC     C— NH 

>CS 
HN— C— NH 


> 


Two  grams  of  2-thio-4,5-diamino-6-oxypyrimidine  were  pul- 
verized together  with  2  grams  of  thiourea  and  the  mixture  was 
heated  in  an  oil  bath  at  180°C.  for  an  hour.  The  reaction  pro- 
duct was  dissolved  in  hot  dilute  sodium  hydroxide,  the  solution 
was  filtered  to  remove  a  little  insoluble  material  and  the  hot 
filtrate  was  acidified  with  acetic  acid.  A  granular  precipitate 
was  obtained.  This  was  purified  by  dissolving  in  dilute  ammonia 
and  reprecipitating  with  acetic  acid.  The  dithiopurine  was  soluble 
in  about  100  parts  of  boiUng  water  but  did  not  dissolve  in  alcohol 
or  benzene.  It  did  not  melt  at  310°C.  It  gave  a  murexide  reac- 
tion and  its  ammoniacal  solution  gave  a  precipitate  on  the  addi- 
tion of  silver  nitrate. 

Calculated  for  Found: 

C»H«ON4Si:  I  n 

N 28.00  27.77        27.50 
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G^xypurine-^yS-dithioglycoUic  add, 
HN— CO 


HOOC.CH2SC     C— NH 

\cSH2CCOOH 

N— C— N 

One  gram  of  2,8-ditliio-6-ox3rpurine  was  dissolved  in  75  cc  of 
water  containing  suflScienf  sodium  hydroxide  to  produce  solatkm. 
The  purine  was  then  precipitated  from  the  hot  solution  by  adding 
acetic  acid.  Six  grams  of  monochloracetic  acid  were  added  and 
the  mixture  was  boiled  until  solution  took  place,  whereupon  it 
was  evaporated  to  dryness  on  the  steam  bath.  The  residue  was 
washed  in  a  little  cold  water.  The  resulting  dlthio^ycoUic  acid 
derivative  was  easily  soluble  in  hot  and  moderately  soluble  in 
cold  water  and  slightly  soluble  in  hot  alcohol.  It  decomposed 
with  effervescence  at  about  240°C.  It  gave  a  murexide  reaction 
and  its  anmioniacal  solution  gave  a  precipitate  with  silver  mtnte. 
The  substance  was  dried  at  130°C.  for  analysis. 

CTdctilatod  for 

N 17.83  18.50 

A  portion  of  the  6-oxypurine-2,8-dithioglycollic  acid  was  boiled 
with  20  per  cent  hydrochloric  acid  for  several  hours  without  the 
formation  of  uric  acid.  A  difficultly  soluble  compound  was  ob- 
tained and  this  gave  an  analysis  for  a  dioxypurine-mmiothio- 
glycollic  acid.  This  was  probably  2,6-dioxypurine-8-thio^coffic 
acid  since,  if  6,8-dioxypurine-2-thioglycollic  acid  had  been  formed, 
it  would  have  been  hydrolyzed  to  uric  acid.  The  substance  was 
dried  at  130°C.  for  analysis. 

Calculated  (or 
CtH<0«N4S:       Foaod: 

N 23.14  22.8S 


RBSEARCHES  ON  PYRIMIDINflS:    PYRIMIDINE- 

NUCLEOSIDES. 

By  treat  B.  JOHNSON  and  LEWIS  H.  CHERNOFF. 

(SIXTT-FIRST  PAPBB.) 

iContribtUtons  from  the  Sheffield  Laboratory  of  Yale  University.) 
(Received  for  publication,  February  28, 1913.) 

This  paper  is  a  contribution  to  our  knowledge  of  the  constitu- 
tion of  pyrimi(Jine  nucleosides.  It  is  our  first  paper  on  this  subject 
and  includes  a  description  of  the  synthesis  and  properties  of  the 
simplest  nucleoside  of  thymine  (I). 

NH— CO 

I  I 

CO      CCH, 


NH— CCHiOH 
I 

Through  the  investigations  of  Levene^  and  his  co-workers  our 
knowledge  of  the  constitution  of  nucleic  acids  has  been  advanced 
to  such  a  degree  that  we  may  now  regard  these  interesting  sub- 
stances as  composed  of  characteristic  complexes  designated  by 
the  term  nucleotides,^  The  latter  are  compounds  consisting  of 
phosphoric  acid  conjugated  with  a  complex  composed  of  a  carbo- 
hydrate and  a  purine  or  a  pyrimidine.  In  other  words,  a  nucleic 
acid  may  be  a  single  nucleotide,  as  in  the  case  of  guanylic*  and 

'  Levene  and  Mandel:  Ber,  d,  deutech,  chem,  Gesellsch,,  xli,  p.  1905;  Levene 
and  Jacobs:  ibid.,  xlii,  p.  2474;  xlii,  p.  2704;  xliii,  p.  3150;  xliv,  p.  1027;  Levene 
and  La  Forge:  ibid,,  xliii,  p.  3164;  xlv,  p.  608;  Levene  and  Jacobs:  this  Jour- 
nal, xii,  pp.  411,  421;  Mandel  and  Dunham:  ibid.,  xi,  p.  85. 

'  Levene  and  Mandel:  loc.  cii, 

*  Levene  and  Jacobs:  Ber,  d,  deutsch,  chem.  Geselhch.,  xlii,  p.  2469;  this 
Journal,  xii,  p.  421. 
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inosinic*  acids  (monotiucleot 
nucleotides  as  in  the  case  o 
polynucleotide  is  a  combinati 
taining  the  two  purines,  guani 
cytosine  and  uracil.  This 
common  to  all  nucleic  acids, 
the  individual  nucleotides  in 
knowledge,  but  it  seems  ver; 
sented,  that  they  are  condenst 
nucleic  acid. 

The  constitution  of  these 
elucidated  by  the  work  of  thi 
shown  by  Levene'  that  thes 
hydrolysis,  to  the  formation  < 
upon  the  experimental  cone 
is  possible  to  detach  from  a  n 
ing  a  simpler  complex  of  a  av 
nucleosides,*  or  to  remove  or 
the  phosphoric  acid  in  combin 
results  are  significant  and  p 
a  nucleotide  are  linked  acco 
sugar,  base.  Regarding  the 
yeast  nucleic  acid  Levene  a 
organischen  Komplexe  der 
Klassen  einzuteilen:  Die  der 
Verbindungen  darstellen,  di 
Konstitution  noch  nicht  ganz 

Direct  proof  of  the  presen 
pyrimidine-earbohydrate  com 
isolation  of  the  pentose  nuc 
uridine  and  cytidine*  from  ; 


'Levene  and  Jacobs:  Ber.  d.  d 

p.  335. 

'  Levene  and  co-workers;  loe.  e 

•  Levene  and  Jacoba:  Ber.  d.  de 

'  Ibid.,  xliv,  p.  1027. 

■Levene  and  co-workers:  loc.  c 
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hexoside^  from  thjrmus  nucleic  acid.  In  chemical  terms  the  nuc- 
leotides and  their  corresponding  nucleosides  may  be  expressed  by 
tAxe  following  empirical  formulas: 

Nucleotides.  Nucleosides. 

0:P(OH), .  C,Hg04 .  C.H4N,.  C.H»04 .  CiHiN*. 

Adenosine 
II  III 

O:JP(0H), .  CJEsO* .  CsHiON*.  Cja»04 .  CJEiON,. 

Guanylic  acid.  Guanosine. 

IV  V 

O  :P(OH), .  CiHgO* .  CjHiONi.  CiH,04 .  C.H40N4 

Inosinic  acid.  Inosine. 

VI  VII 

O:P(0H), .  C,H804 .  C4H4ON1.  C,H,04 .  C4H4ON,. 

Cytidine-nucleotide.  Cjrtidine. 

VIII  DC 

O:P(0H), .  Cja804 .  C4H.0,N,.  Cja,04 .  C4H.O2N,. 

Uridine-nucleotide.  Uridine. 

X  XI 

In  their  fifth  paper  on  yeast  nucleic  acid  entitled:  "Die  Struktur 
der  Pyrimidin-Nucleoside''  Levene  and  La  Forge^®  have  presented 
conclusive  evidence  that  the  pyrimidine  nucleosides,  uridine  and 
cytidine,  are  combinations  of  uracil  and  cytosine,  respectively, 
with  the  pentose  sugar  ribose.  In  fact,  the  exact  relationship 
of  these  two  nucleosides  was  established  by  this  observation,  since 
it  had  already  been  shown  that  the  pyrimidines  are  linked,  in  these 
two  nucleosides,  to  the  carbohydrate  in  a  similar  manner.  This 
was  established  by  the  fact  that  cytidine  is  transformed  by  the 
action  of  nitrous  acid  into  uridine."  Regarding  the  nature  of 
this  nucleoside  union  and  the  position  substituted  by  the  sugar  in 
the  pyrimidine  ring,  sufficient  data  have  not  been  presented  to 
enable  us  to  express  structurally  the  exact  constitution  of  these 
compounds.  Levene  and  La  Forge^^  conclude,  however,  from  good 
evidence,  which  we  will  not  discuss  in  this  paper,  that  this  linking 
is  of  a  glucosidic  nature  and  that  the  carbohydrate  may  be  joined 

•  Levene  and  Jacobs:  this  Journal,  xii,  p.  377. 

*•  Ber.  d.  deutsch.  ahem.  Gesellsch.,  xlv,  p.  608. 

'*  Levene  and  Jacobs:  Ber.  d.  deutsch.  cfiem.  Gesellsch.^  xliv,  p.  1027. 

"  Loc.  cit. 
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to  the  pyrimidine  in  one  of  two  positions, 
of  the  ring.  If  these  assumptions  be  com 
of  cytidine  and  uridine  may  be  expressed 
tural  formulas: 

Cytidine. 

I       I 
CO  CH 
I       II 
HOCHi  ■  CH  •  CHOH  ■  CHOH  ■  CH  ■  N — CH 
XII 


I  II       , 

SH— C-CHCHOHCHOHCH-CHjOH 
XHI 


NH— CO 
I  I 


HOCHjCH- CHOH. CHOH  CH  N CH 

XIV 

NH— CO 

I  I  /O. 

CO     CH  /         \ 

I  II  /  \ 

NH— COH  ■  CHOH  ■  CHOH  CH  ■  CH,OH 

XV 

The  remarkable  stability  of  these  substances,  in  the  presence  of 
hydrolytic  agents,  seems  to  indicate  that  the  point  of  uiuon  of 
the  carbohydrate  is  in  position  4  of  the  ring,  as  represented  by 
formulas  (XIII)  and  (XV) ,  rather  than  in  position  3  as  representai 
by  formulas  (XII)  and  (XIV).  Whether  the  pyrimidine-nucko- 
sides  (hcxosides)  of  thymus  nucleic  acid  correspond  in  constitutitn 
to  the  nucleosides  under  discussion,  has  not  been  establisfaed. 
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The  recent  work  of  Levene  and  Jacobs**  on  thjrmns  nucleic  acid 
seems  to  indicate  that  the  determination  of  the  constitution  of 
this  acid  is  a  far  more  complex  problem  than  that  presented  by 
yeast  nucleic  acid. 

The  synthetical  work  now  in  progress  and  also  that  discussed  in 
this  paper,  has  developed  from  the  assumption  that  the  pyrimid- 
ines,  in  their  corresponding  nucleosides,  are  linked  to  the  carbo- 
hydrates at  position  4  and  that  this  linkage  is  between  two  carbon 
atoms  as  represented  by  formulas  (XIII)  and  (XV).  A  nucleo- 
side may  be  considered,  therefore,  as  an  addition-product  of  a 
pyrimidine  and  a  sugar.  The  formation  of  ribose  from  such  a 
complex,  by  hydrolysis,  would  then  involve,  theoretically,  two  dis- 
tinct changes,  viz.:  a  rupture  of  the  furane  ring  forming  the 
glucoside  (XVII)  and  finally  a  cleavage  of  the  carbohydrate  (XIX) 
from  the  pyrimidine.  These  various  changes  may  be  expressed  as 
follows: 

NH— CO  N  =  CNHi  NH— CO 

II  II  II 

R-  CO      CH     or     CO      CH       or     CO      CCH, 

I     II         I     II  I     y 

NH— O—  NH— C—  NH— C— 


H2O 
CH .  CHOH .  CHOH  •  CH  •  CHjOH  ►  R  •  CHOH  •  CHOH  •  CHOH  •  CHOH  •  CHiOH 

(Nucleoside)  XVII 

XVI 

H2O  HOv 

>    RH    +  )>CH. CHOH. CHOH. CHOH. CHjOH > 

HO^ 

(Pyrimidine)  XVIII 

H2O  +  OCH .  CHOH .  CHOH .  CHOH .  CH2OH 

(Pentose)  XIX 

Judging  from  what  has  already  been  observed  in  this  laboratory, 
it  would  be  predicted  that  a  union  of  this  character  would  be 
extremely  stable  and  very  resistant  to  the  action  of  hydrolytic 
agents. 

»» This  Joumcdf  xii,  p.  411. 
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We  can  conceive,  therefore,  of  an  homologous  series  of  these 
pyrimidine-nucleosides,  each  differing  from  its  next  mMnber  in 
the  series  by  -CHOH.  The  physical  properties  of  members  ol 
such  a  series  would  be  expected  to  imdei^o  a  gradual  change  while, 
on  the  other  hand,  the  chemical  properties  would  be  the  same. 
Consequently  if  we  successively  removed  a  -CHOH  from  the  chain 
of  the  sugar  molecule  we  would  finally  obtain  the  prototype  of 
the  series  or  the  simplest  nucleoside  of  this  type.  It  would  still 
retain  the  same  glucosidic  linking.  The  three  pyrimidines,  which 
would  result  by  this  process,  are  represented  by  formulas  (XX), 
(XXI)  and  (XXII). 

NH— CO  N  =  CNHj  NH— CO 

II  II  II 

CO      CH  CO     CH  CO      CCH, 

H  II  I  11  I  II 

NH— C .  CH2OH  NH— CCHjOH  NH— CCHjOH 

XX  XXI  xxn 

We  have  absolutely  no  knowledge  of  the  chemical  prop«ties 
of  hydroxypyrimidines  of  this  type  and  it  was  not  until  recently 
that  the  writer  was  able  to  undertake  their  investigation*  We 
are  now  able,  however,  to  contribute  data  regarding  then-  chemical 
behavior,  which  we  beUeve  to  be  of  great  biochemical  interest. 
We  shall  now  discuss  the  synthesis  of  the  simplest  nucleoside 
of  thymine,  viz.:  2,6-dioxy-4-hydroxymethyl-5-methylpyrimidine 
(XXII). 

The  new  ketone  ester,  ethyl  methylethoxyacetoacetate  (XXIII} 
was  first  prepared  by  the  condensation  of  ethyl  cr-brompropionate 
with  ethyl  ethoxyacetate  in  the  presence  of  zinc-amalgam. 

C2H6OCH2COOC2H6  +  CH3CH .  Br .  COOC«H»  +  Zn .  Hg  - 
C2H5OCHJCO.  CH(CH3)COOCjH6 

XXIII 

This  ester  (XXIII)  was  then  digested  in  alcohol  with  thiourea  and 
sodium  ethylate  when  a  pyrimidine  condensation  was  efifected 
and  2-thio-4-ethox)maethyl-5-methyl-6-oxypyrimidine  (XXIM 
was  formed.     This  reaction  is  expressed  by  the  following  equation : 
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NHi       COOC1H6  NH— CO 


CS  +  CHCH3       =  HjO  +  CaHfiOH  +  CS      CCH3 

II  I  II 

NH2      COCHiGCjHs  NH— CCH2GC1H6 

XXIV 

This  thiop3nnmidine  (XXIV)  was  then  digested  with  chloracetic 

acid  when  it  was  desulphurized  practically  quantitatively  and  the 

corresponding  oxypyrimidine  (XXV)  was  formed. 

• 
NH— CO  NH— CO 

II  II 

CS      CCH3        +  ClCHjCOOH  -  CO     CCH3 


NH— CCHJOC2H6  NH— CCHiOCjHft 

XXV 

This  ethoxypyrimidine  (XXV)  was  then  heated  with  concen- 
trated hydrochloric  acid.  By  means  of  this  reagent  the  ethyl 
group  was  detached  in  the  form  of  ethylchloride  and  the  pyrimi- 
dine  was  converted  smoothly  into  the  chlormethylpyrimidine 
(XXVI).  This  interesting  change  is  represented  by  the  following 
equation: 

NH— CO  NH— CO 

II  II 

CO      CCH3  +  2HCI  -  CiHsClH- H2O  +  CO      CCHj 

I  II  I  II 

NH— C  •  CH2OC2H6  NH— C .  CH2CI 

XXVI 

The  halogen  in  this  pyrimidine  (XXVI)  is  very  reactive  and  is 
easily  removed  by  alkaline  hydrolysis.  For  example;  the  p3nnmi- 
dine  was  transformed,  almost  quantitatively,  into  the  correspond- 
ing acetate  (XXVII)  when  digested  in  aqueous  solution  with  the 
required  amount  of  silver  acetate.  This  pyrimidine  possessed 
characteristic  properties  and  underwent  a  smooth  hydrolysis,  when 
digested  with  barium  hydroxide  solution,  forming  the  correspond- 
ing alcohol  (nucleoside)  (XXII).  These  final  changes  in  this  sjoi- 
thesis  are  represented  as  follows: 
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NH— CO  NH— CX) 

II  II 

CO      C .  CHi  +  CHjCOOAg  =  AgCl  +  CO      CCHj 

I  II  I  II 

NH — CCH2CI  NH — C .  CHjO .  COCH, 

XXVII 

NH— CO  NH— <X) 

II  II 

2  CO      CCHa  +  Ba(OH)i  =  BaCCHaCOs)!  +  2  CO     CCHa 

I  II  I  II 

NH— C .  CH2O .  COCHj  NH— CCHiOH 

XXII 

The  constitution  of  this  nucleoside  (XXII)  was  established  by 
the  fact  that  it  was  transformed  quantitatively  into  2,6-(iioxy4- 
5-dimethylpyrimidine**  (XXVIII)   by  reduction  with  hydriodic 

NH— CO  NH— CO 

II  II 

CO      CCH,  +2H-H2O  +  CO      CCH, 

I       II  I       I! 

NH— CCHtOH  NH— CCH, 

XXVIII 

acid  and  red  phosphorus.  Starting  with  the  two  aliphatic  esters, 
ethyl  a-brompropionate  and  ethyl  ethoxyacetate,  our  synthesis 
therefore  involves  six  operations,  and  in  every  step,  except  the 
first,  the  yields  are  excellent.  We  are  now  investigating  this 
unsatisfactory  step  in  order  to  determine  the  cause  of  the  low  yield. 
We  now  find  that  this  simple  nucleoside  of  thymine  (XXII) 
is  extremely  stable  in  the  presence  of  acids  and  does  not  undergo 
hydrolysis  with  formation  of  thymine  and  formaldehyde  whai 
heated  with  sulphuric  acid.  It  has  been  shown  in  the  papws  by 
Levene  and  his  co-workers"  that  the  carbohydrate  is  cleaved 
from  the  pyrimidine-nucleosides  by  heating  with  10  per  cent  sul- 
phuric acid  at  125**.  Our  pyrimidine  was  recovered  unaltered 
after  heating  with  sulphuric  acid,  of  this  same  strength,  for  three 
hours  at  125-130°.     This  result  is  all  the  more  interesting  smce 

^*  Schlenker:  Ber,  d.  deiUsch,  chem.  Geaelhch.,  xxxiv,  p.  2812;  Wheeler  and 
Merriam:  Amer,  Chem.  Joum.f  xxix,  p.  488. 
'^  Loc  cit. 
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• 

Kircher^*  has  recently  shown  that  the  isomeric  pyrimidine,  2,6- 
dioxy-4-methyl-5-hydroxymethylpyTimidine  (XXIX)  is  trans- 
formed quantitatively  into  4-methyliiracil  (XXX)  and  formal- 
dehyde simply  by  heating  in  aqueous  solution.  From  a  chemical 
standpoint  these  results  are  extremely  interesting  and  very  signifi- 
cant. Whether  the  linking  between  the  carbohydrate  complex 
and  the  pyrimidine  at  position  4  will  become  more  imstable  as  we 
increase  the  length  of  the  sugar  chain,  must  be  decided  by  further 
investigations.  We  shall  endeavor  to  develop  methods  of  synthe- 
sizing some  of  these  higher  homologues.  The  corresponding  hy- 
droxy derivatives  of  uracil  (XX)  and  cytosine  (XXI)  will  also  \>e 
investigated. 

NH— CO 

I          I 
CO      CCHs     +  10%  H2SO4 >  No  change. 

I  II 

NH— CCHiOH 

XXII 

NH— CO  NH— CO 

II  II 

CO      CCHsOH+HiO-  CO      CH  +  HCHO  +  H2O 

I  II  I  II 

NH— CCHs  NH— CCa, 

XXIX  XXX 

EXPERIMENTAL  PART. 

Ethyl  methylethoxyacetoacetcUe,^'' 
CaH60CH,COCH(CH,)COOC2H5. 

This  interesting  /S-ketone  ester  was  prepared  by  condensing 
ethyl  a-brompropionate  with  ethyl  ethoxyacetate  by  means  of 
zinc-amalgam.  The  method  of  procedure  was  essentially  as 
follows:  Molecular  proportions  of  the  brompropionate  (84.4  grams) 

^•ilnn.  d,  Chem.  (Liebig),  ccclxxxv,  p.  293. 

"  This  new  method  of  synthesis,  which  we  have  employed  for  the  prep- 
aration of  this  ester,  has  been  applied  successfully  in  several  other  cases. 
The  reaction  is  being  investigated  and  the  results  of  the  investigation  will 
be  published  in  future  papers.  We  are  also  using  zinc-amalgam  as  a  rea- 
gent in  other  lines  of  investigation  and  have  obtained  interesting  results, 
which  we  soon  hope  to  be  able  to  present  for  publication.     (T.  B.  Johnson.) 
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« 

and  the  acetate  (56.0  grams)  were  placed  in  a  dry  flask  and  40.8 
grams  of  dry  amalgamated  zinc  suspended  in  the  liquid.    The 
flask  was  then  connected  with  a  return  condenser  and  finally  heated 
on  the  steam  bath.    At  first  there  was  no  evidence  of  any  reaction^ 
but  after  warming  a  few  minutes  a  violent  reaction  began  and 
became  so  vigorous  that  it  was  necessary  to  plunge  the  flask  into 
ice  water  at  intervals  to  avoid  too  great  heat.    After  the  violent 
reaction  was  over  the  flask  was  then  heated  on  the  steam  bath  for 
about  twelve  hours  in  order  to  thoroughly  complete  the  reaction. 
We  obtained  a  dark  brown,  syrupy  fluid.    This  was  th«i  trans- 
ferred to  a  separatory  funnel  and  shaken  with  an  excess  of  water 
when  we  obtained  a  heavy  precipitate,  which  was  inmiediatdy 
dissolved  by  addition  of  cold  dilute  hydrochloric  acid.    We  ob- 
tained in  this  manner  a  transparent  red  oil,  which  was  separated 
from  the  acid  solution  and  finally  dissolved  in  ether.    This  ether 
solution  was  then  thoroughly  cooled  with  crushed  ice  and  washed 
repeatedly  with  a  cold,  dilute  solution  of  sodium  hydroxide.    The 
/^-ketone  ester  was  removed  by  this  treatment  and  the  alkaline 
solutions  finally  combined  and  acidified  (cold)  with  cold,  dilute 
hydrochloric  acid.     The  ketone  ester  separated  at  once  and  was 
dissolved  in  ether.     After  thorough  drying  over  anhydrous  cal- 
cium chloride  the  ether  was  removed  and  the  ester  purified  by 
distillation  under  diminished  pressure.     It  practically  all  distilled 
at  116°  at  24  mm.    The  yield  of  purified  material  was  7.5  grams. 
jVIolecular  weight  determination  by  the  ebuUiscopic  method: 


I.    0.6731  gram  substance  in  15.56  grams  of  benzene  gave  Ae  =  .619^. 

Caloukted  for       v,^„^ 
CiH«0.:  ^"^ 

Molecular  Weight 188  186 


2-Thio-4'^thoxy7nethyl'^'methyl'6-oxypyrimidine, 

NH— CO 

I  I 

CS      CCHa 


NH— CCHjOCjHs 

This  pyrimidine  was  formed  by  condensation  of  the  preceding 
/3-ketone  ester  with  thiourea  in  the  presence  of  sodiiun  ethylate. 
The  following  proportions  were  used:  7.4  grams  of  the  ketone 
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ester,  3.0  grams  of  thiourea  and  1 .8  grains  of  metallic  sodium.  The 
sodium  was  dissolved  in  a  small  volume  of  absolute  alcohol,  the 
thiourea  and  ketone  ester  dissolved  in  the  solution  and  the  mixture 
then  digested  on  the  steam  bath  for  about  four  hours.  The  sodium 
salt  of  the  pyrimidine  b^an  to  form  almost  inunediately  on  heat- 
ing, and  deposited  as  a  brown  powder.  After  completion  of  the 
reaction  the  alcohol  was  then  evaporated  and  the  residue  dissolved 
in  a  small  voliune  of  hot  water  and  the  solution  filtered.  On  acidi- 
fying this  solution  (cold)  with  glacial  acetic  acid  the  pyrimidine 
separated  at  once  in  a  crystalline  condition.  It  was  purified  by 
crystallization  from  boiling  95  per  cent  alcohol  and  separated,  on 
cooling,  in  hexagonal  tables,  which  melted  at  191-192°  to  a  clear 
oil  without  decomposition.  The  yield  of  purified  pyrimidine  was 
2.3  grams.  The  pyrimidine  is  very  soluble  in  hot  water  and  hot 
alcohol  and  difiicultly  soluble  in  cold. 


Nitrogen  dbtebmination  (Kjeldahl): 
N 13.86  13.90 


Calculated  for       ir^„«j. 
CsHmOiNiS:        *^^*^«'' 


^yd-Dioxy-^-^thoxymethyl-S'Tnethylpyrimidine. 

NH— CO 

I  I 

CO     CCH3 

i    II 

NH— CCH2OC2H5 

One  and  three-tenths  grams  of  2-thio-4-ethoxymethyl-5-methyl- 
6-oxypyrimidine  and  two  molecular  proportions  of  chloracetic 
acid  (1.1  grams)  were  dissolved  in  30  cc.  of  water  and  the  solution 
boiled  for  five  hours.  The  solution  was  then  allowed  to  cool 
slowly  when  this  pyrimidine  separated  in  beautiful,  arborescent 
crystals.  The  compound  was  purified  by  crystallization  from  hot 
water  and  melted  at  220°  to  a  clear  oil.  It  is  soluble  in  hot  alcohol. 
The  yield  was  1.1  grams. 


Nitrogen  determination  (Kjeldahl): 
N 15.05  15.02 


Calculated  for       ■i3i«„„j. 


3i8  Researches  on  Pyrimidines 

2y6^Dioxy'4-cf^iormethyl'^'methylpyrirnidin€. 

NH— CO 

I  I 

CO      CCHj 

I  II 

NH— CCHiCI 

This  chIorp3rriinidme  was  prepared  by  heating  the  preceding 
pyrimidine  with  hydrochloric  acid.  One  gram  of  the  ethoxy- 
pyrimidine  and  20 -cc.  of  concentrated  hydrochloric  acid  wee 
heated  in  a  bomb  tube  for  three  hours  at  125-130**.  When  ihe 
tube  was  opened  ethyl  chloride  was  identified  and  a  yellow  solutioii 
was  obtained.  This  was  then  concentrated  on  the  steam  bath 
and  cooled  when  this  chlorp3rrimidine  separated  in  the  form  of 
plates,  which  melted  at  243**  to  a  clear  red  oil.  On  evaporating 
the  filtrate  to  dryness  more  of  the  same  compoimd  was  obtained. 
The  pyrimidine  was  purified  by  crystallization  from  boiling  water 
and  separated,  on  cooling,  in  stout  prismatic  cr3rstals  or  blocks 
which  melted  at  244-245**  to  a  clear  oil  without  decompositi(HL 
It  gave  a  strong  test  for  chlorine.  The  dust  from  this  pyrimidine 
irritates  the  nose  causing  violent  sneezing  and  finally  a  severe 
headache.    The  jrield  was  excellent. 


OalrulafaiH  for      «^».^. 


NiTROOBN  DETERMINATION  (Kjeldahl).* 

N 16.0i  15.81 

The  acetate  of  ^-S-dioxy-i'f^ydroxymelhyl^'^methylpyrimidine, 

NH— CO 

I  I 

CO      C .  CHs 

I  II 

NH— C .  CHjO .  COCH, 

Two  and  four-tenths  grams  of  pure  silver  acetate  were  dissolved 
in  about  200  cc.  of  hot  water  and  2.086  grams  of  the  above  chlor- 
pyrimidine  added  to  the  hot  solution.  There  was  an  immediate 
reaction,  the  pyrimidine  dissolved  and  silver  chloride  deposited. 
This  solution  was  finally  boiled  for  two  hours  in  order  to  complete 
the  reaction.  After  filtering  from  silver  chloride  the  solution  was 
then  evaporated  to  complete  dryness  and  the  residue  dissolved 
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again  in  hot  water  and  the  slight  amount  of  silver  salt  in  solution 
decomposed  by  treatment  with  hydrogen  sulphide.  After  digest- 
ing with  bone  coal  the  solution  was  then  filtered  and  concentrated 
to  a  small  volume.  On  cooling,  the  acetylpyrimidine  separated  in 
minute  crystals:  It  was  diflScultly  soluble  in  hot  water  and  cold 
95  i>er  cent  alcohol.  It  was  purified  by  crystallization  from  95 
I>er  cent  alcohol  and  deposited  in  microscopic,  corpuscular  crystals, 
which  melted  at  260-261°  with  effervescence.  The  yield  of  puri- 
fied material  was  about  1.5  grams.  "" 


NiTBOQEN  DETERMINATION  (Kjeldahl) : 

N 14.14  14.34 


^iS^Nir       ^ound: 


^f6'Dioxy-4'f^ydroxymdhyl-^^methylpyrimidin€, 

NH— CO 

I        I 
CO     CCH3 

I    II 

NH— CCHjOH 

This  interesting  pyrimidine  was  obtained  by  saponification  of 
the  above  acetate.  Five  grams  of  crystallized  barium  hydroxide 
and  one  gram  of  the  acetylpyrimidine  were  dissolved  in  the  least 
possible  volume  of  hot  water  and  the  solution  boiled  for  one  hour. 
The  solution  was  then  saturated  with  carbon  dioxide  gas  in  order 
to  precipitate  the  barium  as  carbonate,  and  the  solution  finally 
filtered.  The  solution  was  then  evaporated  to  dryness  when  the 
crude  hydroxypyrimidine  was  obtained  as  an  amber  colored  crystal- 
line residue.  This  was  purified  by  crystallization  from  hot  water 
and  separated,  on  (tooling,  in  distorted  needles,  which  melted  at 
224-225**  with  decomposition. 


Nitrogen  determination  (Kjeldahl): 
N 17.94  17.82 


Oalculaied  for       w^,-.j. 


An  attempt.to  convert  this  pyrimidine  into  thymine  by  hydrolysis 
with  10  per  cent  sulphuric  acid  was  unsuccessful.  One  half  of  a 
gram  of  the  pyrimidine  was  suspended  in  25  cc.  of  10  per  cent 
sulphuric  acid  and  then  heated  in  a  bomb  tube  for  three  hours  at 
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120-130".  WheD  the  tube  was  opened  thei 
no  evidence  that  the  pyrimidine  had  underg 
sulphuric  acid  was  exactly  precipitated  as  bs 
tion  of  the  required  amount  of  barium  hydn 
free  filtrate  then  evaporated  to  dryness.  Wi 
substance,  which  was  purified  by  ciystallii 
It  separated  in  the  form  of  distorted  prisou 
224°  with  effervescence.  It  did  not  reaembl 
properties  and  was  identified  as  the  unalter 
We  recovered  all  of  the  pyrimidine  and  u 
foltowinfc  experiment: 

The  eojioeraion    of    Z,6-dioxy-^-hydToxymet 
into  2,8-dioxy-^,5-dimethylpyT 

NH— CO 
I  I 

CO      CCH, 

I  II 

NH— C-CHi 

One-tenth  of  a  gram  of  the  hydroxypyrin 
Sccofhydriodicacid  (sp.gr.l.?)  andthesol 
of  a  few  milligrams  of  red  phosphorus,  was 
After  cooling,  the  solution  was  then  diluted  1 
then  an  excess  of  dry  silver  carbonate  stirr 
order  to  remove  all  the  iodine,  hydriodic 
4fter  filtering,  the  excess  of  silver  was  then  p 
and  the  solution  then  concentrated  on  the  i 
allowed  to  cool.  Dimethyluracil  separated! 
crystals,  which  melted  at  296°  when  heati 
slowly  the  substance  melted  at  292-294°  ' 
sition.  A  mixture  of  this  compound  wit- 
melted  at  exactly  the  same  temperature. 


"  Scblcnker;  loc.  eil.;  Wheeler  and  Merriam:  loc.  eit. 


STXJDIES  ON  THE  INTERMEDIARY  METABOLISM    OF 

AMINO-ACmS. 

By  H.  D.  DAKIN. 
(From  the  Herter  Laboratory ,  New  York.) 

(Received  for  publication,  March  1,   1913.) 

The  object  of  the  following  paper  is  to  record  experiments  con- 
cerning the  intermediary  metabolism  of  the  amino-acids  derived 
from  proteins.  By  utilizing  the  method  of  liver  perfusion,  Embden 
and  others  have  shown  that  certain  amino-acids,  particularly 
tyrosine  and  phenylalanine,  may  give  rise  to  acetoacetic  acid. 
Confirming  these  results,  Baer  and  Blum  have  been  able  to  demon- 
strate an  increased  excretion  of  acetoacetic  acid  and  /3-hydroxy- 
butyric  acid  when  phenylalanine  and  tyrosine  are  given  to  human 
diabetics.  On  the  other  hand,  by  employing  glycosuric  animals, 
rendered  diabetic  by  pancreas  extirpation  or  by  phlorhizin  adminis- 
tration, other  amino-acids  have  been  shown  to  be  capable  of  fur- 
nishing glucose  (Knopf,  Glassner  and  Pick,  Embden,  Lusk, 
Ringer  and  others).^ 

The  value  of  these  methods  of  investigation  can  hardly  be  ques- 
tioned, although  the  interpretation  of  the  results  is  often  difficult. 
The  formation  of  either  acetoacetic  acid  or  glucose  from  amino- 
acid  can  only  take  place  as  the  result  of  intricate  molecular  rear- 
rangements and  much  work  is  necessary  before  an  adequate  analy- 
sis of  the  reactions  can  be  undertaken.  It  is  of  course  open  to 
question  as  to  how  closely  the  normal  path  of  catabolism  resembles 
that  observed  under  abnormal  conditions,  but  it  may  be  safely 
asserted  that  an  accurate  knowledge  of  what  may  happen  to  a 
food  substance  under  any  conditions,  no  matter  how  far  removed 
from  normal,  is  likely  to  be  helpful  in  gradually  filling  in  the  intri- 
cate mosaic  of  metabolic  reactions. 

*  For  the  literature  of  the  subject,  the  reader  ia  referred  to  the  article  on 
Phlorhizinglukosurie  by  Lusk:  Ergeb.  d.  Physiol.,  xii,  p.  315, 1912. 

321 


322       Intermediary  Metabolism  of  Amino-Acids 

At  the  present  time,  by  use  of  the  methods  referred  to,  we  know 
that  phenylalanine  and  tyrosine  yield  acetoaeetic  acid  freely, 
leucine  less  readily,  while  its  formation  from  isoleucine  and  his- 
tidine  is  somewhat  doubtful.  On  the  other  hand,  glycine,  alanine. 
aspartic  and  glutamic  acids  are  known  to  be  capable  of  leading  to 
sugar  synthesis  in  the  glycosuric  organism.  It  would  seem,  there- 
fore, as  if  a  relatively  sharp  separation  might  be  made  between 
the  amino-acids  capable  of  either  acetoaeetic  acid  or  glucose  for- 
mation. 

It  seemed  very  desirable  that  these  investigations  should  be 
extended.  Accordingly,  the  behavior  in  the  glycosuric  animal  of 
all  the  other  amino-acids  known  to  occxu*  in  proteins  has  he&i 
investigated  and  also  the  effect  of  a  nimiber  of  them  on  perfusion 
through  a  surviving  liver. 

It  has  been  found  that  serinei  cysteinei  proline^  ornithine 
and  arginine  are  all  capable  of  yielding  large  amounts  of  sugar 
when  given  to  glycosuric  dogs.  Valine'i  leucine,  isolendney 
lysine,  histidine,  phenylalanine  and  tiyptophane  yield  relatiTely 
little  or  no  sugar.  Ornithine,  lysine,  arginine,  proline,  trypto- 
phane and  di-iodotyrosine  do  not  yield  acetoaeetic  acid  in 
marked  amounts  when  added  to  blood  perfusing  a  dog's  liver. 

As  will  be  seen  from  the  experimental  details,  it  is  difficult 
to  definitely  state  that  administration  of  an  amino-acid  yields 
absolutely  no  glucose,  but  it  is  relatively  easy  to  distinguish  be- 
tween those  that  yield  large  amounts  and  those  which  yield  lit^ 
or  none. 

It  seems  not  unlikely  that  the  administration  to  a  glycosuric 
animal  of  relatively  large  amoimts  of  an  amino-acid  which  in  itself 
is  not  convertible  into  glucose  may  however  lead  to  an  apparent 
small  glucose  excretion  through  its  mass  action  in  displacing  other 
amino-acids.  The  writer  is  therefore  unwilling  to  attach  much 
significance  to  results  leading  to  an  apparent  increased  glucose 
excretion  of  less  than  20  per  cent  of  the  amino-acid  given. 

By  combining  the  new  results  with  those  previously  obtained, 
it  would  appear  that  certain  generalizations  are  passible.  TTie 
following  table  represents  the  collected  data. 

*  The  results  in  the  case  of  proline  have  been  recently  published:  thii 
Journal y  xiii,  p.  513,  1913. 

» a-Hydroxy isovaleric  acid  under  similar  conditions  3rield8  little  or  no 
glucose. 
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BUB8TANCB 


Glycine 

Alanine 

Serine 

Cysteine 

Aspartic  Acid.. 
Glutamic  Acid. 
Ornithine 

Proline 

Valine 

Leucine 

Isoleucine , 

Lysine 

Arginine 

Histidinef 

Phenylalanine.. 

Tyrosine 

I>i-iodotyroeine , 

Tryptophane 


INCBBABED  QLUCOSB 

XXCRBTION  WHBN  GIVCN 

TO  GLTCOSUBIC  DOQ* 


INCBKABXD  ACCTOACETIC 

ACID  WHEN  PBB7UBXO 

THROUGH  SURVnriNO  LXTBK 


-f 


+ 


•» 


*  Only  those  amlno-aclds  which  yield  relatively  large  amounts  of  glucose  are  recorded  as  post 
tWe.    Doubtful  cases  are  recorded  as  negative, 
t  See  p.  328. 
I  The  Inoreaaed  aoetoacetlo  aold  Is  probably  not  directly  derived  from  hlstldlne  (p.  328). 

The  following  conclusions  may  be  tentatively  drawn: 
•  1.  The  amino-acids   derived  from   proteins  which   may  yield 
glucose  freely  in  the  glycosuric  organism  are  all  those  containing 
two,  three,  four  and  five  carbon  atoms,  except  valine. 

2.  Arginine  is  the  only  amino-acid  with  more  than  five  carbon 
atoms  which  may  furnish  glucose  freely,  and  in  this  case  the  sugar 
evidently  comes  from  the  ornithine  moiety  with  five  carbon  atoms, 
into  which  it  may  be  converted  by  the  action  of  arginase. 

3.  All  the  straight-chain  amino-acids  yield  sugar  with  the  excep- 
tion of  lysine. 

4.  The  amino-acids  with  branched  chains  including  valine,  leu- 
cine and  isoleucine  furnish  little  or  possibly  no  sugar. 

5.  Proline  is  the  only  cyclic  amino-acid  yielding  much  glucose. 
Undoubtedly  opening  of  the  ring  is  the  first  step  in  its  breakdown. 
None  of  the  aromatic  amino-acids  yields  glucose  in  considerable 
amount. 

6.  The  close  structural  relations  between  ornithine,  (arginine), 
proline  and  glutamic  acids,  all  of  which  yield  approximately  equiv- 
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alent  amounts  of  glucose,  would 
patbs  may  be  similar. 

7.  Certain  amino-acids,  including 
yield  neither  acetoacetic  acid  nor  g 

8.  The  fact  that,  while  alanine  s 
of  glucose  in  the  glycosuric  anima 
tryptophane,  all  of  which  contain 
is  clearly  in  harmony  with  the  view 
three  carbon  atoms  of  these  amiuo- 
be  r^arded  as  evidence  in  support 
mechanism  of  acetoacetic  acid  foro 
tyrosine,  in  which  it  was  suggestec 
atoms  of  acetoacetic  acid  were  de: 
two  from  the  nucleus. 

In  conclusion,  a  few  words  may  be 
ism  of  glucose  formation  from  ami 
frfigmentary  character  of  the  evide: 
to  the  careful  experiments  of  Lusk  a 
are  quantitatively  converted  into  g 
ism  would  seem  to  inevitably  point 
ism  in  the  body  for  the  reduction  of 
such  a  change  the  fairly  direct  convei 
glucose  is  of  course  inconceivable;  I 
of  such  a  reaction  is  hard  to  picture 

The  removal  of  the  carboxyl  gro 
with  formation  of  a  lower  aldehyde 
titative  glucose  formation. 

In  searching  for  some  more  likely : 
to  a  new  type  of  hydrolysis  by  an 
Dudley  and  the  writer.  It  was  fo 
such  as  methyl  glyoxal  or  phenyl  g 
corresponding  a-hydroxyacids,  nam 
with  remarkable  speed.  If  some 
prove  to  be  reversible,  a  solution  r 
problem  of  the  mechanism  of  the  n 
of  alanine  and  similar  acids.' 

*  ZeiUc.kr.  f.  pkysivl.  Chem.,  Ixvi,  p.  luo,  lym. 

'  Since  the  above  was  written  Dudley  and  the  writer  have  sufMVeded  i" 
showing  the  reveraJbility  of  this  reaction  inmtro. 
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CH,.CO.CHO  -h  H,0  <=t  CH,.CHOH.COOH 

The  ready  formation  of  methyl  glyoxal  from  sugar  in  vitro, 
together  with  the  fact  that  lactic  acid  as  shown  by  Lusk  is  so 
readily  converted  into  glucose  in  the  diabetic  organism,  would 
lend  support  to  the  hypothesis  of  the  intermediate  formation  of 
lactic  acid  and  methyl  glyoxal  in  the  synthesis  of  glucose  in  the 
glycosuric  animal.  Moreover,  the  fact  that  both  d-  and  2-alanine 
and  probably  d-  and  Wactic  acid  are  quantitatively  converted  into 
dextro-rotatory  glucose  would  lead  to  the  inference  that  the  asym- 
metry of  the  a-carbon  atoms  in  alanine  and  lactic  acid  is  lost  in 
the  process  of  glucose  synthesis.  The  intermediate  formation 
of  the  methyl  glyoxal  would  furnish  an  adequate  explanation  of  this 
change  since,  on  reconversion  into  sugar  or  lactji^  acid,  asynmietry 
of  the  carbon  atoms  would  be  regained  by  a  process  of  asymmetric 
synthesis. 

Ringer  and  Lusk  have  shown  that  the  amount  of  glucose  obtain- 
able from  aspartic  and  glutamic  acids  in  the  glycosuric  animal 
corresponds  to  about  that  derivable  from  three  of  the  carbon  atoms 
in  each  acid.  They  picture  the  hypothetical  conversion  of  as- 
partic acid  into  hydracrylic  acid  and  of  glutamic  acid  into  glyceric 
acid.  To  the  writer  it  appears  more  probable  that  aspartic  acid 
may  yield  either  alanine  or  lactic  acid.  Some  analogy  for  the 
removal  of  carbon  dioxide  from  aspartic  acid  is  found  in  its  reduc- 
tion to  propionic  acid  by  heating  with  hydriodic  acid.  The  con- 
version of  cysteine  into  taurine  may  also  be  cited  as  an  example  of 
the  removal  of  the  carboxyl  group  from  an  amino-acid. 

The  formation  of  a  serine  or  alanine  nucleus  from  glutamic  acid 
would  seem  intelligible  on  the  basis  of  /3-oxidation  as  occurring  in 
fatty  acids,  for  glutamic  acid  is  relatively  a  strong  acid.  What  is 
true  of  glutamic  acid  may  hold  for  proline  and  ornithine. 

Finally,  the  fact  that  the  amino-acids  with  branched  chains^  do 
not  readily  form  glucose  in  the  glycosuric  organism  may  be  referred 
to  the  difficulty  of  lactic  acid  formation  with  its  straight  chain 
of  three  carbon  atoms. 
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EXPERIMENTAL. 

The  experimental  conditions  were  essentially  those  adopted  in 
previous  work.*    Phlorhizin  (1  gram)  suspended  in  olive  oil  was 
given  once  daily  following  Coolen's  method.^    Urine  was  collected 
in  twelve-hour  periods  with  careful  washing  of  the  bladder.    Glu- 
cose was  estimated  gravimetrically  after  polarimetric  ccmtroL 
Acetoacetic  acid  and  acetone  were  jointly  estimated  by  distilla- 
tion and  titration  with  iodine  in  the  customary  manner.    An  ap- 
proximate estimate  of  ''extra  glucose''  was  made  by  deducting 
the  nitrogen  of  the  amino-acid  given  from  the  total  nitrogen  of 
amino-acid  and  succeeding  period.    This  amount  multiplied  by 
the  dominant  G:N'  ratio  gives  the  endogenous  glucose,  which 
deducted  from  tj;ie  total  glucose  excretion  of  the  two  periods 
gives  the  extra  glucose.    The  method  of  calculation  is  no  doubt 
rough,  and  depends  upon  the  assimiption  that  the  whole  of  the 
nitrogen  of  the  amino-acid  administered  is  promptly  excreted  but 
it  appears  to  be  the  best  available. 

The  liver  perfusions  were  carried  out  as  in  previous  publications. 
The  results  are  arranged  in  tabular  form  at  the  end  of  the  paper. 

Serine  was  obtained  by  Leuch's  synthesis  from  chloracetaL 
100  grams  of  chloracetal  gave  14  grams  of  recrystallized  serine. 
The  serine  was  dissolved  in  water  and  injected  subcutaneously. 

Cysteine.  Cystine  was  prepared  from  hair  by  Folin's  method 
and  then  reduced  to  cysteine  by  means  of  tin  and  hydrochloric 
acid.  The  cystine  (1  part)  was  dissolved  in  10  parts  of  20  per 
cent  hydrochloric  acid  and  granulated  tin  (1  part)  added.  Miff 
digestion  on  the  water  bath,  the  mixture  was  evaporated  in  vacuo 
to  remove  hydrochloric  acid.  The  residue  was  then  dissolved  in 
water,  filtered  and  the  tin  quantitatively  remove^!  with  sulphuretted 
hydrogen.  The  filtrate  was  then  evaporated  to  complete  dryness 
in  vacuo  and  the  residue  consisting  of  cysteine  hydrochloride  partly 
neutralized  with  sodium  bicarbonate  before  injection. 

In  the  second  experiment  the  sulphur  excretion  was  followed. 
I  am  indebted  to  Dr.  Dudley  for  the  analyses: 

^  This  Journal,  ix,  p.  146, 1911 ;  xiv,  p.  513, 1913. 

'  Arch,  de  pharmdcodynamie,  i,  p.  267,  1895. 

*  The  term  G :  N  has  been  substituted  for  the  more  generally  employed  DJ^. 
There  seems  no  reason  for  retaining  the  term  "dextrose"  which  has  been 
long  abandoned  by  organic  chemists. 
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PSBIOD 

-    - 

TOTAL  8. 

SULPHATB  S. 

II 

0.625 
1.397 
1.164 
1.122 

0.490 

Ill 

1.308 

IV 

1.050 

V 

0.773 

The  sulphur  excretion,  principally  in  the  form  of  sulphates,  is 
relatively  very  slow. 

Valine  was  obtained  by  the  action  of  ammonia  on  a-bromiso- 
valeric  acid  (Slinuner).  The  inactive  acid  was  employed  and  was 
given  by  subcutaneous  injection  dissolved  in  warm  water.  It  will 
be  noted  that  there  is  no  clear  evidence  of  glucose  or  acetoacetic 
acid  formation  from  valine.  The  excretion  of  acetoacetic  acid 
^ras  distinctly  lowered  on  giving  valine. 

cfHydroocyisovaleric  add.  The  acid  was  obtained  by  boiling 
oc-bromisovaleric  acid  with  calcium  carbonate,  followed  by  extrac- 
tion of  the  acidified  solution  with  ether.  The  acid  crystallized  on 
evaporation  of  the  ether  and  was  dried  on  a  porous  plate.  Less 
than  a  gram  of  *' extra  glucose"  followed  the  subcutaneous  adminis- 
tration of  the  sodium  salt  from  15  grams  of  the  acid. 

Isoleucine.  The  amino-acid  was  obtained  synthetically  by 
Ehrlich's  excellent  method.  The  secondary  butyl  alcohol  obtained 
by  the  reduction  of  methyl-ethyl-ketone  was  converted  into  the 
iodide  since  this  reacts  more  smoothly  with  sodium  malonic  ester 
than  does  the  bromide. 

Leucine.  A  single  experiment  was  carried  out  to  supplement 
Halsey's  work.  Fifteen  grams  of  inactive  synthetic  leucine  led 
to  an  apparent  excretion  of  4  grams  of  "extra  glucose.*' 

Ornithine.  The  base  was  obtkined  by  the  action  of  arginase 
upon  pure  arginine  followed  by  precipitation  with  phosphotungstic 
acid  from  dilute  solution.  The  neutral  acetate  was  used  for  injec- 
tion. 

Lysine,  arginine.  The  bases  were  prepared  by  Kossel's  methods. 
The  neutral  acetates  were  used  for  injection. 

An  attempt  was  made  to  estimate  the  amount  of  bases  excreted 
unchanged  in  the  urine  by  determining  the  amount  of  nitrogen 
precipitable  by  phosphotungstic  acid  after  removal  of  ammonia. 
The  results  are  recorded  below: 
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Phenylalanine,  The  synthetic  acid  was  employed.  No  homo- 
Sentisic  acid  was  detected  in  the  urine.  An  increased  excretion  of 
acetoacetic  acid  and  i3-hydroxybutyric  acid  was  evident. 

Tyrosine,    The  active  amino-acid  from  casein  was  used.     No 
increase  in  glucose  excretion  but  a  distinct  increase  in  acetoacetic 
acid  was  observed,  thus  confirming  the  results  of  Lusk  and  Ringer. 
Tryptophane  was  prepared  by  Hopkins  and  Cole's  method.    A 
slight  increase  in  glucose  excretion  was  observed  but  no  aceto- 
acetic acid  formation.    About  three  grams  of  kynurenic  acid 
were  separated  from  the  urine  by  simple  acidification  with  sul- 
phuric acid.    An  attempt  to  estimate  imchanged  tryptophane  in 
the  luine  by  means  of  precipitation  with  mercuric  sulphate  after 
removal  of  kynurenic  acid  indicated  the  presence  of  about  3  grams 
of  the  amino-acid. 

The  metabolism  of  tryptophane  in  the  glycosiuric  animal  appears 
to  resemble  closely  its  behavior  in  the  normal  animal. 


TABLE  I. 


•UB8TANCB 


!8 
S3 

si 
I- 


o 


6 


Serine,1.29gm8.  1.59 


16 


Cysteine,  14.88| 
gms I  1.72 


Cysteine,  16.73 
gms 1  82 


11 


Valine,  20  gms.'  2.39 


I 

II 

III 

IV 

I 

II 

III 

IV 

V 

I 

II 

III 

IV 

I 

II 
III 
IV 


5.921 
6.67 
5.601 


7.83 

10.23 

8.73 

8.04 


6.11 
7.43 
7.35 


15.44 
24.68 
17.02 


28.32 
38.12 
29.73 
26.54 


4.04 
5.20 
4  38 


20.32 
30.36 
24.90 


13.18 
12.14 
13.86 


2.90 
2.87 
3.70 
3.03 


3.73 
3.62 
3.72 
3.40 
3.30 

3.41 
3.32 
4.09 
3.39 

3.46 
3.26 
2.33 
3.16 


} 
} 


11.0 


8.4 


} 


12.2 


} 


0.259 
0.227 


1.8 


0.217 
0.154J 
0.1361 
0.076 


0.053 
0.0541 
0.080' 


0.1231 
O.O43I 
0.253 
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TABLE  I— Continued. 

as 

1 

SXTBSTANCE 

5* 

WXIOBT  0 
DOO 

0 
0 

1 

TOTAL 
NITROOX 

0 

o\z 

s 

P 

ACBTOACX 
ACID 

i 

tcfffn* 

Arginine, 

7 

I 

2.99 

8.17 

2.73 

0.052 

6 .  89  grams  . . 

2  22 

II 

4.83 

12.05 

2.49 

}- 

0.187 

III 

3.91 

8.05 

2.06 

0.071; 

Ar^nine, 

9 

I 

3.08 

1 
! 

12.58  grams. . 

4.05 

II 

5.22 

14.41 

2.76 

1 

III 

8.27 

20.80 

2.51 

8.5 



I 

3.53 

Mistidine, 

II 

3.41 

11.97 

3.51 

0.037 

13 . 2  grams  . . 

3.58 

III 

6.36 

14.58 

2.29 

\    4.4 

0.135 

IV 

3.57 

11.01 

3.24 

0.044 

V 

3.20 

10.14 

3.15 

0.078 

6 

I 

3.81 

Hifltidine, 

II 

3.87 

14.01 

3.62 

0.056 

9.9  grams  . . . 

3.37 

III 

3.92 

13.55 

3.45 

\ 

0.008 

IV 

4.85 

12.43 

2.56 

•    4.6 

0.009 

V 

4.24 

13.50 

3.18 

J 

0.007 

Histidine, 

6 

I 

3.21 

10.27 

3.20 

0.144 

11.60  grams.. 

3.95 

II 

5.18 

11.52 

2.22 

1    3.2 

0.214 

III 

5.14 

12.05 

2.34 

0.141 

12 

I 

3.38 

Hifltidine, 

II 

6.74 

21.02 

3.13 

0.026 

11.1  grams.. . 

3.01 

III 

10.00 

25.33 

2.53 

1    2.6 

0.206 

* 

IV 

7.26 

21.88 

3.02 

0.489 

gg 


0.10 
0.27 
1.08 
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TABLE  II. 


flUBSTANCS 


Histidine, 
8.38  grams 


Histidine, 
11.18  grams. . 

Phenylalanine, 
11  grams 


Tyrosine, 
20  grams 


Tryptophane, 
14.5  grams.. . 

a-Hydroxyiso- 
valeric  Acid, 
15  grams 
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TABLE  III. 


SUBSTANCE 


I  WBIGHT  or 
iSUBSTANCB 


granu 


WEiGHT  OF 
DOG 


Blank  ♦ 

Ornithine  Carbonate 2.0 

L»3r8ine  Carbonate 2.0 

Lysine  Carbonate 2.0 

Arginine  Carbonate 3.5 

Histidine  Carbonate* 2.5 

Proline 2.0 

Di-iodotyroeine '  2.0 

Tryptophane 1.5 

*  Averse^  of  many  experiments. 


kgtn, 
11 

12 

15 

6 

13 

12 

9 

7 

13 


VOLUME 

PERFUSION 

FLUID 


TIME  OF 
PEBFUSION 


I 

(  - 


cc. 

1100 
1100 
1200 
1070 
1000 
1200 
950 
1000 
1210 


mtn 

50 
45 
45 
50 
45 
50 
45 
50 
45 


ACETO- 

I ACETIC  ACID 

FOUND 


mgm. 


51 
42 
60 
67 
44 
86 
49 
44 
54 
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A  NEW  METHOD  OF  ISOLATING  TRYPSIN. 

By  henry  LEOPOLD  HOLZBERG. 

{From  the  Rtidolph  Spreckela  Physiological  Laboratory  of  the  University  of 

California.) 

(Received  for  publication,  February  12, 1913.) 

INTRODUCTION. 

It  has  been  pointed  out  by  Robertson^  that  "if  one  drop  of  a 
saturated  solution  of  safranin  (Griibler)  be  added  to  from  5  to 
10  cc.  of  a  neutral  or  very  faintly  alkaline  0.5  per  cent  solution  of 
trypsin  (Grtibler)  a  light,  flocculent,  colored  precipitate  slowly 
appectrs  on  standing  and  gradually  settles."  Robertson  assumes 
that  this  precipitate  is  a  compound  of  trypsin  and  safranin  and 
infers  that  tryx)sin,  in  faintly  alkaline  or  neutral  solutions,  behaves 
like  an  acid  and  combio/es  with  the  color-base  safranin  to  form  an 
insoluble  salt. 

The  present  investigation  was  undertaken,  in  the  first  place, 
with  a  view  of  testing  the  accuracy  of  Robertson's  assumption 
that  the  substance  precipitated  by  safranin  is  actually  trypsin; 
and,  in  the  second  place,  the  correctness  of  this  assumption  having 
been  proven,  to  endeavor  to  utilize  this  precipitate  for  the  isola- 
tion of  the  proteolytic  agent  from  pancreas  extracts  and  commercial 
preparations  of  "trypsin." 

The  proteolytic  activity  of  the  safranin  precipitate. 

I  have  prepared  the  safranin  precipitate  from  aqueous  solutions 
of  GrQbler's  and  of  Fdrchild's  trypsins  and  from  aqueous  extracts 
of  sheep's  pancreas  and  liver,  prepared  by  grinding  up  the  organs 
with  sand  and  an  equal  weight  of  water  and  filtering.  The  pre- 
cipitate was  obtained  by  adding  to  these  solutions  three-eighths 
of  their  volume  of  an  0.8  per  cent  solution  of  Grtibler's  safranin. 

The  jrield  was  always  very  small.  Two  and  one-half  grams  of 
Grtibler's  trypsin  dissolved  in  100  cc.  of  water  yielded,  on  the  aver- 

» T.  B.  Robertson:  This  Journal,  ii,  p.  343,  1907. 
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age,  a  precipitate  weighing  froD 
alcohol  and  dried  over  sulphur 
safrania  the  precipitate  is  of  a  c 
almost  insoluble  in  water.  I  ha 
the  safranin  from  the  compou 
alcohol.  The  compound  would 
alcohol,  however,  as  the  amoun 
sively  during  this  process.  It  [ 
extract  the  color  from  it,  althoi 
purple.  Prolonged  extraction  w 
tate  to  become  very  sticky  and 
to  scrape  it  off  the  filter.  I  atl 
for  extracting  the  safranin  fron 
kicohol,  chloroform  and  benzin, 
than  ethyl  alcohol  and  ether. 
''  'Despite  its  very  alight  solubll 
tate  from  Griibler's  trypsin  an( 
Energetic  proteolytic  action.  T 
Fairchild's  trypsin  was  only  sli) 
'  To  100-cc.  samples  of  a  2  pei 
KOH,  neutral  to  phenolphthalei 
iiig  20  mgm.  of  the  safranin  pre 
tlended  in  it.  For  the  purpose  < 
sample  of  casein  solutioq  a  soluti 
in.  2  cc.  of  water.  After  stirrJn 
stand  for  three  hours  at  35°C. 
amounts  of  casein  digested,  empi 
method  and  obtained  the  follow! 


Safranio  precipitate    (Grilbler). 

'/  *'  (Fairchild, 

"  "  (Pancreas)     l.(B9 

O.BM 

(Liver)  0  511 

Trypsin  (GrUbler) IMtS 

•  T.  B.  Robertson:  This  Journal,  xii,  p.  23, 1912. 
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It  will  thus  be  seen  that  the  proteolytic  activity  of  these  prepara- 
t:;lons  was  comparable  with  that  of  Griibler's  trsnpsin,  although  they 
^^^ere  nearly  insoluble,  while  Grtibler's  trypsin  is  nearly  completely 
soluble.    We  may  infer,  therefore,  that  if  it  were  possible  to  free 
t;Iie  preparation  from  safranin  and  so  obtain  it  completely  in  solu- 
ii^ion  its  proteolytic  activity  would  be  far  higher  than  that  of 
Grtibler's  trypsin.    Hence  it  is  certain  that  trypsin  is  actually  pre- 
cipitated by  safranin,  and  probable,  also,  that  this  precipitation 
separates  the  trypsin  from  the  large  proportion  of  inert  impu- 
rities pr^ent  in  other  preparations. 

The  presence  of  a  large  proportion  of  relatively  inert  substances  in 

commercial  preparations  of  trypsin. 

If  we  remove  the  substance  precipitable  by  safranin  by  adding 
three-eighths  of  its  volume  of  an  0.8  per  cent  solution  of  safranin 
to  a  2.5  per  cent  solution  of  Grtibler's  trypsin  and  filtering,  oii 
adding  several  volimies  of  alcohol  to  the  filtrate,  we  obtain  a  rather 
heavy,  white  and  flocculent  precipitate.  On  adding  to  this  fii- 
trate  progressively  increasing  volimies  of  alcdhpl  we  obtaili  pro- 
gressively increasing  yields  of  precipi|;ate  until  a  maximum  yield 
is  obtained  by  the  addition  of  from  five  to  six  volumes  of  absolute 
^cohol.    This  is  illystrated  by  the  following  results: 


• 

TABLE;  II. 

26  CO.,  filtrate  plus 

25  cc. 

absolute  alco 

**  . 

50  " 

\t           tt 

it       it          i< 

75  " 

tt    •      It 

u       tt          u 

100  " 

tt      *    tt 

U         it     ,       u 

126  " 

''■\t\    '■       '  u 

ti.        u  .        u 

150  "^ 

.   .  -    rt     '      .  it 

It        «          (( 

^           1           1 

175  f* 

«  >          Jt 

tt        tt          tt 

200  " 

It          .     tt 

«        tt          It 

225  " 

tt               it 

.  * 


•>  • 


,-,       •••        ••  .        ** .  t<       iiyi    *f     ■    .   -    §»  .   »i  f  , 


trace. 

^      \ 

0.020  ( 

grams. 

0.150 

u     ■ 

0.226 

,  1 

0.265 

**    ' 

0.226 

0.266 

/ 

0.266 

.  The  average  yield  of  the  alcohol  precipitate  was  from  0.8  to  1.2 
grams  per  100  cc.  of  the  filtrate  to  which  600  cc.  of  absolute  alcohol 
were  added,  corresponding  to  a  yield  of  from  1.1  to  1.6  grams 
from  2.5  grams  of  Griibler's  trypsin.  It  is  white  in  color  or  slightly 
pink  owing  to  the  presence  of  traces  of  safranin.  It  is  readily 
soluble  in  water,  but  possesses  extremely  little  proteolytic  activity 
(see  table  III). 
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'  In  the  filtrate  obt^ed  after  1 
alcohol-precipitable  substances  i 
needles  were  depodted  upon  eva 
crystals  of  magnesium  sulphate 

An  alcohol  precipitate  can  b 
directly  to  a  pancreas  ertract  or  1 
This  precipitate  is  white  in  color ) 
present  in  the  safranin  precipitate 
activity  (see  table  III).  Only  a 
alcohol  precipitate  can  be  obtaint 

The  precipitate  which  is  obta 
to  a  solution  of  Grubler's  trypsin 
safranin  to  this  solution  a  precipii 

After  the  removal  of  the  safrai 
stances  from  aqueous  extract  of  si 
stance  can  be  ptecipitated  by  the  a 
is  soluble  in  alcohol  and  ether,  I 
the  two  in  the  rather  definite  pi 
to  two  of  ether.  It  is  soluble  m  i 
and  does  not  yield  the  biuret  res 
faintly  tinged  with  pink  uid  slim; 
could  not  be  obtained  from  GrQbl 

The  proteolytic  activities  of 
precipitates  were  determined  in 
each  case  20  ragm.  of  the  substan 
tilled  water  and  added  to  100  ce.  i 
The  amounts  of  casein  digested  w 
digestion  at  36'*C.    The  results  ; 

From  these  figures  it  is  dear  thi 
precipitate  or  with  the  "direct" 
precipitate  which  is  obtained  froi 
creaa  extract  after  removal  of  thi 
possesses  extremely  Lttle  proteol 
than  might  be  attributable  to  co 
safranin-precipitable  substance, 
the  substance  precipitated  by  safi 
shows  that  Griibler's  and  Fairchil 
portion  of  inert  substances.  It  is  i 
however,  with  safranin)  can  be  pre 
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TABLE  III. 

GbAMS  or  CASEIN  DXaCBTBD 
PSR  100  CC.  or  DIGEST  ArTBR 
3  HOUBS'  STANDING   AT  35  *C. 

(1)  Precipitate  obtained  by  adding  alcohol  directly 

to  Grtibler's  trypsin 0. 618  grams. 

(2)  Precipitate  obtained  by  adding  alcohol  directly 

to  pancreas  extract 1 .  447     " 

(3)  Precipitate  obtained  by  adding  alcohol  to  the  fil- 

trate after  removing  the  safranin-precipitable 
substance  from  Griibler's  trypsin 0. 105     " 

(4)  Another  precipitate  of  the  same 0. 211     " 

(5)  "  "  "      "      "      0.092     " 

(6)  "  "  "      "      "      0.198     " 

(7)  Precipitate  obtained  by  adding  alcohol  to  the  fil- 

trate after  removing  the  safranin-precipitable 
substance  from  pancreas  extract 0. 105     " 

(8)  Another  precipitate  of  the  same 0. 198     " 

(9)  "  "   '        "      "      "      0.092     " 

(10)  Ether-alcohol  precipitate  from  pancreas  extract 

(after  removal  of  the  safranin-  and  alcohol- 
precipitable substances) 0.000     " 

(11)  Another  precipitate  of  the  same 0. 105     " 

in  one  operation,  namely,  by  adding  safranin  to  an  aqueous  pan- 
creas extract  and  collecting  the  precipitate. 

Each  of  the  fractions  isolated,  namely,  the  safranin,  alcohol 
and  ether-alcohol  precipitates,  were  tested  for  lipolytic  activity 
by  employing  triacetin  as  a  substrate.  None  of  them  caused  any 
splitting  of  this  fat. 

SUMMARY. 

• 

1.  The  substance,  which  is  precipitated  by  the  addition  of 
safranin  to  aqueous  solutions  of  Griibler's  or  Fairchild's  trypsins 
or  to  aqueous  extracts  of  pancreas,  has  a  strong  proteolytic  action. 

2.  This  precipitate  contains  safranin  and  is  very  sparingly 
soluble  in  water.  The  author  has  not  yet  been  able  to  extract  the 
safranin  from  the  compoimd  or  to  render  it  more  soluble  in  water. 

3.  The  safranin-precipitable  substance  having  been  removed 
from  aqueous  solutions  of  commercial  trypsin  or  pancreas  extracts, 
considerable  quantities  of  substances  remain  in  solution  which  are 
precipitable  by  alcohol  (Griibler's  and  Fairchild's  trypsins  and  pan- 
creas extract)  and  by  an  alcohol-ether  mixture  of  definite  composi- 
tion (pancreas  extract).    These  substances  are  practically  devoid 

■ 

of  proteolytic  activity. 


STUDIES   ON  THE   CONDITIONS  AFFECTING   THE 
FORMATION  AND  EXCRETION  OF  FORMIC  ACID. 

THE  ESTIMATION  OF  FORMIC  ACID  IN  URINE. 

By  H.  D.  DAKIN,  N.  W.  JANNEY  and  A.  J.  WAKEMAN. 
(From  the  Herter  Laboratory f  New  York  City.) 

(Received  for  publication,  March  10,  1913.) 

But  little  is  known  of  the  excretion  of  the  volatile  fatty  acids 
in  urine.     Of  their  constant  presence  there  can  be  no  doubt,  but 
knowledge  as  to  their  amount  and  the  conditions  affecting  their 
formation  and  excretion  is  fragmentary.    The  reason  for  this  is, 
no  doubt,  in  part  due  to  the  inadequacy  of  existing  methods  for 
their  determination  and  separation.    For  some  time,  we  have  been 
concerned  with  the  problems  of  volatile  fatty  acid  excretion  and  at 
present  have  occupied  ourselves  with  devising  a  method  for  the 
estimation  of  the  simplest  of  these  acids,  namely^  formic  acid. 
The  fact  that  formic  acid  has  characteristic  reducing  properties 
not  shared  by  the  other  members  of  the  grouf),  tends  to  simplify 
the  problem  of  its  determination;  but  it  required  but  little  work  to 
reach  the  conclusion  that  an  accurate  estimation  of  formic  acid  in 
a  complex  organic  fluid,  such  as  urine,  is  a  very  difficult  matter. 
It  is  doubtless  for  this  reason  that  no  trustworthy  estimation  of  for- 
mic acid  in  urines  has  been,  as  yet,  recorded. 

Hitherto,  the  methods  made  use  of  for  the  isolation  of  volatile 
fatty  acids  in  urine  have  been  based  upon  their  preliminary  separa- 
tion by  distillation  with  or  without  steam  from  the  acidified  urines. 
But  at  the  outset,  this  process  introduces  most  serious  error.  The 
prolonged  action  of  mineral  acids  upon  carbohydrate  and  other 
substances,  invariably  present  to  a  greater  or  less  extent  in  urines^ 
results  in  volatile  fatty  acid  production,  especially  formic  acid. 
In  the  case  of  diabetic  urines,  enormous  quantities  of  formic  acid 
may  be  produced  in  this  manner,  owing  to  the  well-known  cleav- 
age of  glucose  into  laevulinic  and  formic  acids.  The  errors  arising 
from  these  causes  may  be  diminished  by  using  weaker  acids  for 
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liberating  the  volatile  acids,  by  d 
at  lower  temperatures  and  by  avoi 
urine  during  distillation;  but  the  i 
fundamentally  unsatisfactory. 

In  connection  with  attempts  tc 
sources  of  error  were  frequently 
OTcrlooked,  is  apt  to  result  in  gros 
be  rendered  alkaline  with  carbon 
the  water  bath  in  order  to  concen 
volatile  fatty  acids,  it  is  found  tha 
ally  when  carbohydrates  are  prea 
as  much  volatile  fatty  acids  after 
for  example,  diabetic  luinra  from 
from  20-50  mgms.  of  fonnic  acid  i 
tion,  after  evaporation  to  one-half 
bath  with  a  slight  excess  of  carboi 
tain  from  80  to  over  1300  mgms. 
but  to  a  much  lesser  extent,  in  uri 
drates. 

An  additional  dilHculty  in  arrivii 
acid  in  urine  was  found  in  the  curio 
acid  contents'  of  urines  on  stand 
observed,  but  often  there  is  a  di 
apparently  in  good  condition.  S 
sible,  but  even  when  the  urine  is  i 
the  presence  of  toluene,  it  is  impc 
as  soon  as  possible.  Urines  show 
must  of  course  be  rejected  and,  mu 
idly,  especially  in  urines  containi: 
samples  should  be  protected  from  ( 
after  voiding.  Even  slight  fecal 
dates  the  results. 

The  foregoing  considerations  le 
to  attempt  the  estimation  of  form! 
urines,  it  would  be  necessary  to 
remove  the  acids  from  the  main  b 
a  minimum  of  chemical  manipulai 
have  worked  out  a  procedure  whii 
believe,  offer  substantial  advanta]_ 
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The  method  is  based  upon  the  observation  that  it  is  perfectly 
feasible,  by  means  of  ether,  to  extract  at  low  temperatures  all  of 
the  volatile  fatty  acids  from  acidified  urine  or  other  dilute  aqueous 
solutions.*    The  extraction  is  performed  in  any  of  the  usual  forms 
of  apparatus  arranged  for  continuous  extraction,  and  in  order  to 
prevent  the  volatile  acids,  once  extracted  from  the  aqueous  solu- 
tion, from  returning,  we  place  an  excess  of  carbonate  of  soda  solu- 
tion in  the  ether  reservoir,  thus  promptly  neutralizing  and  fixing 
the  volatile  acids  as  fast  as  they  are  extracted.    By  this  means 
the  volatile  acids  are  obtained  in  alkaline  solution  free  from  the  main 
bulk  of  urinary  constituents,  carbohydrates,  purine  bodies,  amino- 
acids,  etc.,  which  interfere  with  an  accurate  estimation  of  formic 
or  other  volatile  acids. 

On  acidifying  the  sodiimi  carbonate  solution  with  phosphoric 
acid  and  distilling  in  steam,  the  distillate  contains  all  of  the  volatile 
fatty  acids  and  may  be  used  for  the  determination  of  formic  acid 
by  appropriate  methods.  The  method  based  upon  the  reduction 
of  mercuric  chloride  to  calomel  has  been  foimd  by  us  to  be  the 
most  satisfactory.    The  details  of  the  method  are  described  later. 

The  extraction  of  formic  acid  from  aqueous  solutions  by' ether. 

Preliminary  experiments  were  made  to  determine  the  conditions 
govemmg  the  extraction  of  formic  acid  by  ether.  About  half  a 
gram  of  formic  acid  in  130  cc.  of  water  was  extracted  with  ether 
in  a  continuous  extractor  for  varying  lengths  of  time.  Excess  of 
alkali  was  placed  in  the  ether  reservoir.  In  order  to  determine  the 
amount  of  formic  acid  still  remaining  in  the  aqueous  solution  after 
varying  times  of  extraction,  5  cc.  or  more  of  the  solution  were 
removed  at  intervals  and  titrated  against  decinormal  baryta. 

In  experiments  I  and  II,  the  return  flow  of  ether  was  fairly 
rapid,  though  not  a  continuous  stream,  but  in  experiment  III,  the 
flow  of  ether  was  much  slower.    The  results  show  that  formic  acid 


*  The  fact  that  formic  acid  can  be  extracted  from  aqueous  solutions  with 
ether,  appears  not  to  be  generally  known.  Curtius  and  Franzen,  in  order  to 
demonstrate  the  presence  of  formaldehyde  in  plants,  oxidized  the  aldehydes 
to  acids  and  extracted  with  ether  to  remove  the  higher  acids.  This 
procedure  must  lead  to  some  loss  of  formic  acid.  {Ber,  d,  detUsch.  chem. 
Gesellsch.,  xliv.  p.  1715,  1912.) 


allowing  a  considerable  margin  of  safety. 

We  have  found  that  in  order  to  recover  the  formic  acid  aftff 
extraction  by  ether  and  fixation  with  alkali,  it  is  most  convenient 
to  separate  the  aqueous  portion  from  the  ether,  acidify  stron^y 
with  phosphoric  acid  and  distil  in  a  current  of  steam.  The  dilute 
formic  acid  solution  may  then  be  neutralized  with  a  distmct  erceas 
of  caustic  soda,  evaporated  on  the  water  bath  and  is  then,  after 
neutralization  with  acetic  acid,  ready  for  gravimetric  estimaticHi 
by  means  of  the  mercuric  chloride  method.  That  the  procedure 
when  carefully  carried  out  does  not  involve  loss  was  shown  by 
taking  0.09C4  gram  of  formic  acid  and  recovering  0.0963,  0.09^, 
0.0968  gram  in  three  consecutive  experiments. 
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Jondiiions  affecting  the  determination  of  formic  acid  by  mercuric 

chloride. 

The  determination  of  formic  acid,  based  upon  its  reducing 
Bkction  upon  mercuric  chloride  with  formation  of  calomel,  has  been 
studied  by  Scala,'  Lieben,»  Leys*  and  others.  As  there  appeared 
to  be  a  certain  lack  of  agreement  as  to  the  most  favorable  condi- 
tions, we  have  reinvestigated  some  of  the  principal  points. 

1.  Time  and  m^ode  of  heating.  The  reaction  between  formic  acid 
and  mercuric  chloride  is  a  slow  one  and  needs  prolonged  heating 
for  its  completion.  Since  heavy  precipitates  of  calomel  are  apt 
to  result  in  violent  "bmnping,"  if  the  solution  be  boiled,  we  pre- 
fer to  immerse  the  flasks  provided  with  an  air-cooled  condenser 
tube,  in  a  bath  of  boiling  water.  The  calomel  was  collected  on 
'weighed  Gooch  crucibles,  washed  and  dried  in  the  water-oven. 
The  subjoined  results  show  that  it  is  necessary  to  heat  for  at  least 
six  hour$ 


SERIES 


II 


III 


TIME  OP 
HSATINO 


MBBCUBIC 

CHLORIDE 

USED 


CALOMEL 
FORMED 


hours 

gramt 

gram 

1 

6.6 

0.9211 

3 

6.6 

'    0.9556 

4 

6.6 

0.9719 

6 

6.6 

0.9802 

1.5 

4.9 

0.4041 

2.5 

4.9 

0.4481 

3.5 

4.9 

0.4721 

4.5 

4.9 

0.4808 

5.5 

4.9 

0.4863 

6.5 

4.9 

0.4935 

5 

4.9 

0.4935 

6 

4.9 

0.4936 

7 

4.9 

0.4958 

8 

4.9 

0.4953 

9 

4.9 

0.4955 

10 

4.9 

1    0.4979 

rORMIO 

FORMIC 

ACID 

ACID 

PRESENT 

POUND 

gram 

gram 

0.0967 

0.0900 

0.0957 

0.0933 

0.0957 

0.0949 

0.0957 

0.0957 

0.0483 

0.0394 

0.0483 

0.0437 

0.0483 

0.0461 

0.0483 

0.0470 

0.0483 

0.0475 

0.0483 

0.0482 

0.0483 

0.0482 

0.0483 

0.0482 

0.0483 

0.0484 

0.0483 

0.0484 

0.0483 

0.0484 

0.0483 

0.0486 

DIFFERENCE 


gram 

-0.0057 
-0.0014 
-0.0008 


-0.0089 
-0.0046 
-0.0022 
-0.0013 
-0.0008 
-0.0001 


-0.0001 
-0.0001 
+0.0001 
4-0.0001 
-fO.OOOl 
.-fO.0003 


'  Scala:  Gaz.  ckim,  ital.y  xxvi,  p.  394,  1890. 

*  Ad.  Lieben:  Monalah.f.  Chem.,  xiv,  p.  753,  1893. 

*  A.  Leys:  Bull,  de  la  soc.  ckim.  de  Paris,  (3),  xix,  p.  472,  1898. 
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The  estimation  of  formic  add  in  urine. 

The  procedure  that  has  been  found  most  satisfactory  is  as  fol- 
ows:  As  large  a  volume  of  fresh  urine  as  may  be  conveniently 
landled  is  precipitated  with  solid  ammonium  sulphate,  using  about 
10  grains  for  each  100  cc.  of  urine.  Aliquot  portions  of  the  filtrate 
ire  acidified  with  phosphoric  acid  and  extracted  for  twelve  hours 
ivith  a  rapid  flow  of  ether.  We  have  commonly  used  260  cc.  of 
urine  and  10  cc.  of  50  per  cent  phosphoric  acid.  It  is  well  to  use 
ether  previously  shaken  with  caustic  soda  solution.  The  flask 
in  which  the  ether  is  boiled  contains  about  20  cc.  of  6  per  cent 
sodium  carbonate  solution. 

At  the  close  of  the  extraction,  the  contents  of  the  flask  are 
transferred  to  a  separatory  funnel  and  the  alkaline  solution  is 
allowed  to  flow  into  a  flask  suitable  for  steam  distillation.    The 
eth^  is  washed  twice  with  a  little  water  and  the  washings  added  to 
the  flask.    The  whole  is  then  acidified  with  phosphoric  acid  and 
the  volatile  acids  recovered  by  distilling  in  a  rapid  current  of 
steam.    Ordinarily,  it  sufiices  to  collect  a  liter  of  distillate.    If 
necessary,  the  distilllate  is  filtered  through  a  wet  filter  paper  in  order 
to  remove  traces  of  higher  fatty  acids.    It  is  convenient  to  deter- 
mine the  total  acidity  by  titrating  an  aliquot  part  of  the  distillate 
(100  cc.)  with  decinormal  baryta  and  phenolphthalein.    Often 
considerable  variation  in  the  acidity,  as  determined  by  titration 
of  duplicates,  may  occur,  owing  to  the  presence  of  carbon  dioxide 
in  varying  quantity.    The  remainder  (900  cc.)  is  then  made  dis- 
tinctly alkaline  by  adding  caustic  soda  solution  and  concentrated 
on  the  water  bath  to  about  50  cc.    It  is  convenient  to  neutralize 
with  alkali  of  known  strength  and  to  add  a  definite  excess — say 
20  cc.  of  decinormal  solution — as  in  this  case  the  subsequent  acidi- 
fication is  most  readily  managed.    Dilute  acetic  acid  is  now  added, 
after  cooling,  in  amount  slightly  more  than  that  necessary  to  neu- 
tralize the  excess  of  caustic  soda,  so  as  to  render  the  solution  dis- 
tinctly acid  to  litmus.    After  filtering  into  an  Erlenmeyer  flask, 
excess  of  mercuric  chloride  is  added.    For  each  cubic  centimeter  of 
total  acidity  measured  with  decinormal  alkali,  it  is  well  to  use  5 
cubic  centimeters  of  saturated  mercuric  chloride  solution.    The 
addition  of  the  mercuric  chloride  is  occasionally  followed  by  an  im- 
mediate trifling  turbidity  which  cannot  be  easily  removed  by  filtra- 


348         Estimation  of  Fo 

tion.  The  origin  of  this  turbid 
lower  fatty  acids,  lactic,  beozoi 
acetic  acids,  and  since  the  relati 
formic  acid  is  so  large,  it  does  t 

The  flask  is  now  provided  witl 
and  heated  for  at  least  six  hou 
bath.  After  cooling,  the  preci] 
Gooch  crucible  and  washed  wil 
per  cent  hydrochloric  acid,  then  s 
ether.  Finally  it  is  dried  for  a 
and  weighed  (1  gram  calomel 
object  of  washing  with  the  hyi 
slight  impurities  which  are  apt  t 
.  from  urines,  while  the  calome 
vided  the  hydrochloric  acid  is  no 
blank  tests  on  the  reagents  as 
5-10  mgms.  of  precipitate  equiv 

Oxalic,  lactic  and  crotonic  aci 
in  this  estimation  of  formic  aci( 

Formic  add  as  a  ■produd, 

The  constant  presence  of  forr 

ative  ease  with  which  it  underg . , ~-^^, 

makes  it  appear  probable  that  it  is  an  important  product  f4  intw- 
mediary  metaliolism;  but  there  is  an  almost  entire  lack  of  il^onna- 
tion  concerning  the  origin  of  the  acid. 

Pohl  showed  that  an  increased  formic  acid  excretion  .foDowed 
administration  of  formaldehyde,  methyiamine,  methyl  akohol  and 
some  derivatives  of  these  substances;  but  these  results  have  little 
bearing  on  the  processes  of  normal  metabolism.  More  receatly 
Steppuhn  and  Schellbach'  reported  an  increase  in  formic  acid  out- 
put following  glucose  administration  by  mouth  and  they  belief 
that  its  formation  may  be  demonstrated  when  liver  tissue  under- 
goes autolysis  in  the  presence  of  glucose.  The  risk  of  l>acterial  de- 
composition of  sugar  with  production  of  formic  acid  in  theee  exprn- 
ments  would  appear  to  be  great  and  in  addition  we  are  inclined  to 
believe  that  the  method  of  analysis  employed  was  not  adequate  to 

'  Zeitsehr.  f.  pkyiioL  Chem.,  Uia,  p.  274, 1912. 
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the  difficult  task  of  estimating  formic  acid  in  the  presence  of  much 
^ucose. 

Our  experiments  are  concerned  with  the  following  points: 

I.  Formic  acid  in  normal  homan  urines. 

II.  The  influence  of  starvation,  and  of  carbohydrates  and  pro- 
teins on  the  formic  acid  excretion. 

III.  The  relation  of  higher  fatty  acids  and  other  substances  to 
formic  acid  production. 

I.  Formic  add  in  normal  urines.  Twelve  analyses^  of  normal 
hiunan  urines,  from  individuals  on  mixed  diets,  gave  results  vary- 
ing from  29.9  to  118.6  mgms.  in  the  twenty-four  hours  with  an 
average  excretion  of  60.3.  There  was  no  obvious  relation  between 
weight,  urine  volume  or  nitrogen  excretion.  These  data  are  there- 
fore omitted. 

On  increasing  the  consumption  of  carbohydrates,  the  formic 
acid  excretion  shows^  tendency  to  increase  (35.0-175  mgms.  per 
24  hours.  Average,*  96^  nigms.).  The  eflfect  of  excessive  protein 
is  similar  but  less  marked  (34.6-99  mgms.  per  24  hours.  Average, 
67  mgms.).  These  effects  are  seen  more  clearly  in  the  experiments 
on  dogs. 

II.  Effect  of  starvaiioriy  carbohydrates  and  proteins.  The  excre- 
tion of  formic  acid  in  animals  rapidly  faUs  on  starvation  to  about 
one-third  the  normal  amount.  The  average  result  of  six  experi- 
ments on  dogs  weighing  10-12  kgms.  is  8.9  mgms.  per  24  hours. 
On  administering  carbohydrates  (potatoes)  to  these  animals  a 
marked  increase  m  formic  acid  is  observed.  The  average  excre- 
tion on  a  potato  diet  was  51  mgms.  On  feeding  meat  freely,  a  very 
definite  increase  over  the  output  during  starvation  is  observed,  but 
the  effect  is  somewhat  less  than  that  observed  with  carbohydrates. 
The  average  output  on  a  meat  diet  for  the  same  animals  was  27 
mgms. 

Since  it  is  known  that  many  intestinal  microorganisms  may  not 
only  ferment  but  also  produce  formic  acid  from  both  carbohydrates 
and  proteins,  it  was  conceivable  that  these  increases  in  formic  acid 
excretions  were  due  to  bacterial  activity.  That  this  explanation 
does  not  account  for  the  rise  was  shown  by  the  fact  that  a  marked 
increase  in  formic  acid  output  was  found  to  foUow  intravenous 
injections  of  glucose  given  to  fasting  dogs.  It  seems  likely  there- 
fore that  formic  acid  is  an  intermediate  product  of  the  catabolism 
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of  carbohydrates  and  proteins, 
the  acid  actually  excreted  is  due 
it  undergoes  further  oxidation 
present  impossible  to  form  an  est 
duced. 

An  attempt  was  made  to  gain 
stituents  which  were  capable  of  2 
ing  to  cats  and  rabbits  certain 
(table  III),  Glycine,  glycollic 
aspartic  acid  led  to  no  definite  ri 
experiments,  in  which  relatively 
chloride  were  given  to  cats,  rest 
formic  acid  output.  It  is  note 
cosuria  induced  in  starving  dogs 
in  protein  cataboUsm,  is  follows 

III.  The  relation  of  formic  ad» 
liminary  note*  published  by  two 
stated  that  "the  administration 
may  result  in  the  excretion  of  fr 
amount  of  formic  acid. "  This  s 
more  than  fif  te^  separate  exper 
larger  number,  carried  out  subse 
elusion  that  we  largely  overestL 
fore  wish  to  correct  our  earlier  e 
show  that  while  an  increase  in  f 
follow  administration  of  the  sod 
amounts  to  more  than  three  to  1 
our  earlier  experiments  we  "wwe 
of  error  in  formic  acid  analyses 
of  this  paper. 

A  few  of  our  later  experimem 
order  to  further  test  the  possil 
the  oxidation  of  higher  fatty  ac 
made  to  determine  the  formic  aci 
and  propionate  had  been  added 
survivii^  liver  of  dogs.  Our  ( 
and  therefore  will  not  be  deacrit 

*  This  JovTwU,  ix,  p.  329,  1911. 
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In  conclusion,  reference  may  be  made  to  the  possible  produc- 
tion of  formic  acid  from  caffeine  and  theobromine  when  these  sub- 
stances undergo  demethylation  in  the  animal  body.  Preliminary 
BXF>eriments  have  given  encouraging  results  and  the  question  wiU 
be  submitted  to  a  careful  examination. 


SUMBIAJIY. 

An  improved  method  for  the  estimation  of  formic  acid  is  de- 
scribed. 

The  formic  acid  present  in  the  urine  is  in  part  of  endogenous 
origin.  The  excretion  of  formic  acid  is  greatly  reduced  during 
starvation  but  is  largely  increased  when  carbohydrates  are  given, 
either  by  mouth  or  when  glucose  is  given  intravenously.  Protein 
feeding  is  followed  by  a  similar  but  smaller  increase  in  formic  acid 
output.  Formic  acid  appears  to  be  a  product  of  the  intermediary 
metabolism  of  carbohydrates  and  proteins. 

The  effect  of  a  number  of  other  substances  on  formic  acid  excre- 
tion was  investigated,  including  amino,  hydroxy  and  saturated 
fatty  acids. 

TABLE  I.' 
Effect  of  fasting t  carbohydrates  and  proteins  on  formic  acid  excretion. 


CXPBBI- 

WBioHT  or 

POBMIC 

TOTAL 

T%rvvi 

MXNT 

DOO 

ACID 

NITBOGBN 

grama 

1              I/IKT 

KQtn, 

mgm. 

11 

6.6 

2.5 

Fasting 

Average  for  3  days. 

I 

. 

60.0 

4.7 

Potatoes 

■ 

and    gravy 

Average  for  2  days. 

27.5 
8.3 

20.5 

Meat 

;'Average  for  2  dajrs. 

13 

3.9 

Fasting 

Average  for  3  days. 

IT 

30.0 

31.5 

Meat 

Average  for  4  days. 

62.0 

3.6 

Potatoes 

Average  for  4  days. 

44.0 

6.7 

Fasting 
Fasting 

Phlorhizin  glycosxiria. 

III 

12.7 

9.5 

3.0 

Average  for  2  days. 

32.0 

2.1 

Potatoes 

^  All  figures  refer  to  twenty-four-hour  periods. 
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TABLE  n. 
Effect  of  irdroteiunti  injections  of  gluco 


Fastii 

100  gi 


fCatB. . 
[CatB,. 


TABLE  Ul. 
s  substances  onfe 


I  Rabbit,, 
\  Rabbit,. 


2-3,5 

m»fB. 

2.0-6.6 

2-3.5 

G.3-9.4 
S.9 

1  88 

2-3.5 

2.1-7.9 

19 
1.9 

3  4 

9.1 

1.7      ' 
0.8 

I  JnJeotLooi  usually  m 
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TABLE  Ul—CoTUinued. 


rOBMIC 

1 

WSIOHT 

ACID  24 
HOURS 

TOTAL 
HITROGBN 

SUBSTANCES  GIVKN* 

kgm. 

mgm. 

gram* 

Cats 

2.5-3.0 

13.0-44.5 

Acetic  acid,  3-4.5  grams  in- 
travenously. 

Cat 

3.0 

23.0 

2.34 

Propionic  acid,  5  grams  in- 
travenously. 

Cat 

3.0 

19.0 

Propionic  acid,  7  grams  in- 
travenously. 

/  Rabbit 

1.2 

5.2 

0.8 

1.2 

10.1 

1.3 

Butyric  acid,  2  grams  by 
mouth. 

Cat 

3.5 

29.8 

4.50 

Butyric  acid,  5  grams  intra- 
venously. 

Cat 

13.7 

0.59 

Glycollic  acid,  4  grams  intra- 
venously. 

/  Rabbit 

1.8 

7.1 

1.9 

\  Rabbit 

1.8 

7.9 

1.5 

Lactic  acid,  2.5  grams'  by 
mouth. 

J  Rabbit 

1.2 

3.4 

1.7 

\  Rabbit 

1.2 

3.7 

1.1 

Acetoacetic  acid,  2.5  grams  by 
mouth. 

Cat 

3.5 

11.7 

5.22 

Glycocoll,  5  grams  intraven- 
'      ously. 

Cat 

2.7 

9.3 

4.5 

Alanine,  6  grams  intraven- 
ously. 

Cat 

3.0 

12.3 

5.04 

Aspartic  acid,  6  grams  intra- 
venously. 

Cat 

2.8 

27.0 

2.73 

Histidine  carbonate,  2  grams 
intravenously. 

/  Cat 

2.8 

6.5 

\Cat 

2.8 

42.4 

• 

Histidine  carbonate,  3  grams 
intravenously. 

Cat 

3.5 

82.0 

Histidine  hydrochloride,  3.5 
grams    subcutaneously. 

Cat 

3.1 

430.0 

3.03 

Methyl  alcohol,  10  grams  in- 
travenously. 

Cat 

3.1 

8.7 

1.89 

Ethyl  alcohol,  20  grams  intra- 

venously. 

*  Ail  acids  In  form  of  sodium  salts. 

Intravenous  Injections  usually  measured  80-150  cc.  and  lasted  one  to  four  hours. 


IE     RELATIVE  INFLUENCE  OF  WEAK  AND   STRONG 
BASES  UPON  THE  RATE  OF  OXIDATIONS  IN  THE 
UNFERTILIZED  EGG  OF  THE  SEA  URCHIN. 

Bt  JACQUES  LOEB  and  HARDOLPH  WASTENEYS. 
{From  the  Rockefeller  InslituU  for  Medical  Research,  New  York,) 

(Received  for  publication,  March  15,  1913.) 

1 .  About  six  years  ago  it  was  shown  by  Loeb  that  bases  (NaOH, 
lOH)  can  induce  artificial  parthenogenesis  in  the  eggs  of  sea  ur- 
tiins  and  annelids.^  This  action  of  the  bases  was  suppressed  or 
staxded  when  the  oxidations  in  the  egg  were  suppressed  or  retarded 
y  the  withdrawal  of  oxygen  from  the  alkaline  solution  or  by  the 
xidition  of  a  small  amount  of  KCN.*  He  therefore  concluded 
hat  the  bases  induced  artificial  parthenogenesis  through  an  accel- 
eration of  the  rate  of  oxidatioiA  in  the  egg.  Last  summer  the  same 
luthor  showed  that  the  weak  base  NH4OH  is  much  more  eflScient 
for  the  causation  of  artificial  parthenogenesis  than  the  strong  bases 
NaOH,  KOH  or  tetraethylammoniumhydroxide.'  This  he  explained 
on  the  basis  of  the  fact  found  by  O.  Warburg,*  and  extended  by 
Harvey,*  that  the  weak  bases  diffuse  more  readily  into  the  egg 
while  the  strong  bases  do  not.  This  behavior  was  an  analogue 
to  the  fact  found  by  Loeb  in  1905  that  weak  acids  Uke  CO2  or  the 
monobasic  fatty  acids  induce  membrane  formation  and  develop- 
ment readily  in  the  unfertilized  egg  of  the  sea  urchin,  while  the 
strong  acids  like  HCl  or  oxalic  acid  are  very  ineffective.*  This 
fact  he  explained  on  the  assumption  that  the  weak  acids  diffuse 
readily  into  the  egg  while  the  strong  acids  do  not.    While  the  bases 

»  Loeb:  PflUger^s  Archiv,  cxviii,  p.  572,  1907. 
'  Loeb:  ibid.,  cxviii,  p.  30,  1907. 

*  Loeb:  Joum,  of  Exp.  Zodlogy,  xiii,  p.  577,  1912. 

<  Warburg:  Zeitschr.  /.  physiol.  Chem.,  Ixvi,  p.  305,  1910. 

*  Harvey:  Joum.  of  Exp.  Zodlogy,  x,  p.  507,  1911. 

*  Loeb:  Univ.  of  Calif.  Publ.  Physiol. ^  ii,  p.  113,  1905;  Biochem.  Zeitschr., 
XV,  p.  254,  1909. 
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only  acted  in  the  presence  of  oxygen,  the  action  of  the  acids 
independent  of  oxidations  in  the  egg. 

2.  More  recently  Loeb  extended  his  investigations  on  the  rela- 
tive eflSciency  of  weak  and  strong  bases  for  artificial  parthenogoie- 
sis  to  a  larger  number  of  bases.  The  egg  used  was  that  of  an  anne- 
lid, Polynoe,  It  was  found  that  the  bases,  in  r^ard  to  their 
efficiency  for  this  purpose,  may  be  divided  into  three  groups.  The 
most  efficient  were  the  amines  of  which  benzyl,  butyl,  ethyl  and 
methylamine  were  tried.  Benzyl  and  butylamine  were  possibly  s 
little  more  efficient  than  ethyl  and  methylamine.  Next  in  eflS- 
ciency were  NH4OH  and  trimethylamine.  The  least  efficient  were 
the  strong  bases  NaOH  and  tetraethylanunoniumhydroxide. 

The  relative  efficiency  of  these  bases  for  the  causation  of  artifi- 
cial parthenogenesis  was  tested  in  this  way  that  the  unfertilized 
eggs  of  Polynoe  were  put  into  solutions  containing  the  same  mole«i- 
lar  concentration  of  these  various  bases.  The  reciprocal  value  of 
the  time  required  for  the  various  bases  to  cause  development  was 
the  measure  of  their  relative  efficiency.  The  simple  amines 
acted  most  quickly >  then  followed  KH4OH  and  trimethylamine; 
the  strong  bases  required  more  time  than  either  of  the  two  other 
groups  of  bases. 

3.  These  experiences  suggested  an  investigation  of  the  influence 
of  the  various  bases  upon  the  rate  of  oxidations  in  the  unfertilized 
egg,  to  find  out  whether  the  weaker  bases  raised  the  rate  of  oxida- 
tions more  than  the  stronger  bases. 

The  experiments  were  carried  out  on  the  imfertilized  e^  of 
StrongylocentrotiLS  purpuratus  in  Pacific  Grove,  California.  The 
oxygen  consumption  was  determined  according  to  Winkl^i 
methods.  The  experiments  were  made  in  this  way  that  the  oxy- 
gen consumption  for  the  same  lot  of  eggs  was  first  determined  in  a 
neutral  solution  and  then  for  the  same  length  of  time  and  the  same 
temperature  in  an  alkaline  solution.  The  experiments  were  made 
in  a  half  gram  molecular  mixture  of  NaCl  +  KCl  +  CaClj  in 
that  proportion  in  which  these  three  salts  are  contained  in  the  sea 
water.  The  reader  who  is  interested  in  the  details  of  the  method 
may  be  referred  to  our  former  publications  or  to  those  of  War- 
burg.^ 

^  Loeb  and  Wasteneys:  Biochem.  Zeitschr,,  xxviii,  p.  340,  1910;  Warburg: 
loe.  cit. 
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We  first  give  the  results  of  a  series  of  experiments  in  which  the 
lative  influence  of  various  bases  was  compared.  The  time  of 
:FK>sure  was  one  hour  and  twenty-five  minutes;  the  temperature, 
i°C.  The  concentration  of  the  bases  chosen  was  that  found 
LOst  eflfective  in  Loeb's  previous  experiments  on  artificial  partheno- ' 
snesis.  The  oxygen  consumption  was  first  measured  in  a  neu- 
ral solution  and  then  for  the  same  eggs  in  the  alkaline  solution 
1  which  0.3  cc.  of  ^  of  the  various  bases  was  added  to  50  cc.  of  the 
olution. 

TABLE  I. 


NUMBER  OF 
CXPBBIMISKT 


II 


III 


IV 


VI 


VII 


NATUBS  OF  SOLUTION 


VIII 


/  Neutral 

\  60  cc.  neutral   +  0.3  cc.  -^  NaOH 

/  Neutral 

\  60  cc.  neutral  -|-  0.3  cc.  -nr  tetra- 
ethylammoniumhydroxide 

/  Neutral 

\  60  cc.  neutral  +  0.3  cc.  y^  NH4OH 

/  Neutral 

\  60  cc.  neutral  +  0.3  cc.  S^  trimethyl- 
amine 

/  Neutral 

\  60  cc.  neutral  +  0.3  cc.  t^  methyl- 
amine 

/  Neutral 

\  60  cc.  neutral  -f  0.3  cc.  y^  ethylamine 

/  Neutral 

\  60  cc.  neutral  -f  0.3  cc.  ^  butyl- 
amine 

/  Neutral *. . . . 

\  50  cc.  neutral  -h  0.3  cc.  -nr  benzyl- 
amine 


OXTGEN 
CONSUMED 


mgm. 

0.28 
0.40 

0.16 

0.22 

0.30 
0.81 

0.40 

1.19 
0.26 

1.18 

0.28 
1.36 

0.32 

1.23 
0.22 

1.30 


ACCXLKKATION 

OF  BATB  OF 

OXIDATION  BT 

THB  BABB 


1.43 


1.60 


2.70 


3.00 


4.70 


4.80 


3.80 


6.90 


These  experiments,  which  were  repeated  with  the  same  result, 
show  clearly  that  the  relative  efficiency  of  the  bases  for  inducing 
artificial  parthenogenesis  in  the  imfertilized  eggs  of  Polynoe  and 
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the  sea  urchin  runs  parallel  with  their  accelerating  influence  upon 
the  rate  of  oxidations  in  the  unfertilized  egg  of  the  sea  urchin. 
Incidentally  it  may  be  stated  that  NaHCOi  does  not  accelerate 
the  rate  of  oxidations  in  the  unfertilized  egg  nor  does  it  cause  arti- 
ficial parthenogenesis. 

4.  We  compared  next  the  relative  effect  of  various  concentrations 
of  NaOH  and  NH4OH  upon  the  rate  of  oxidations  in  the  unferti- 
lized sea  urchin  egg,  during  one  hour.    We  will  state  only  the  co- 


rate  in  the  neutral  solution  1. 

• 

TABI 

rKT  or  B\BC  ADDSD  TO 

(NaCl  +  KCl  +  CaCu) 

.EII. 

A.UOV 

SOco.  ^ 

COBPnCISKT  OP  AOCKLBBATIOK  OT 
OXtDATIOMS  tX 

NaOH 

NH^H 

0.2cc.  TT 

1.35 

1.29 

< 

0.5  cc.  tV 

1.87 

5.00 

0.8  cc.  A 

1.74 

5.94 

'. 

l.Occ.  tV 

2.06 

6.10 

V 

1.4cc.  tV 

2.32 

6;40 

2.0cc.  TT 

3.42 

6.23 

2.5  cc.  TTT 

4.57 

5.70 

.  3.0  CC.  A 

7.60 

6.00 

The  reader  will  notice  the  striking  difference  in  the  behavior 
of  NH4OH  and  NaOH.  Very  low  concentrations  of  NH4OH 
(0.5  cc.  per  50  cc.  of  solution)  raise  the  rate  of  oxidations  in  the 
fertilized  egg  almost  to  the  maximal  height,  and  a  further  rise  in  the 
concentration  has  only  a  slight  effect  upon  the  rate  of  oxidation. 
Low  concentrations  of  NaOH  raise  the  rate  of  oxidation  only  little 
and  its  efficiency  rises  steadily  with  an  increase  in  its  concentration. 
We  could  not  go  beyond  the  concentrations  used  in  this  experiment 
since  the  addition  of  3  cc.  of  ^  NaOH  to  50  cc.  of  NaCl  +  KCl  + 
CaCU  leads  already  to  a  cytolysis  of  the  eggs. 

It  is  also  of  interest  to  point  out  that  in  the  ^gs  of  StrongylO' 
centroius  purpuratus  fertilization  by  sperm  raises  the  rate  of  oxi- 
dation to  about  six  times  that  in  the  unfertilized  eggs.  This  seems 
to  indicate  that  with  NH4OH  it  is  not  possible  to  raise  the  rate  of 
oxidations  in  the  unfertilized  egg  beyond  the  limit  to  which  it 
can  be  raised  by  the  fertilization  with  sperm.  It  is  not  possible 
to  decide  whether  the  same  holds  true  for  NaOH. 
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TThe  fact  that  NH4OH  reaches  its  maximum  effect  at  so  low  a 
>zxcentration  is  not  confined  to  NH4OH  but  is  also  shared  by  the 
Gdines,  as  the  following  table  shows.  NH4OH  and  ethylamine 
compared. 

TABLE  ui. 


COEmCIBNT  or  ACCBLKRATION  Or 


▲MOUNT  or  BABB  ADDED  TO 

50  ee.  ^  (NaCl  +  KCl  +  CaCi4) 

'                                        OXIDAT 

NH«OH 

IONS  IN 

Ethyhtmlne 

0.1  cc.-fi 

1.9 

1.4 

0.2cc.  TT 

2.9 

3.0 

0.4  cc.  TT 

3.4 

4.3 

0.8cc.  TV 

3.9 

4.2 

£thylamine  reaches  its  maximal  efficiency  at  the  concentration 
3f  0.4  cc.  of  tJ^  base  to  60  cc.  of  the  neutral  liquid;  and  for  NH4OH 
the  limit  is  nearly  at  the  same  point  as  in  our  previous  experiment. 
5.  It  seems  natural  to  connect  this  difference  in  the  behavior  of 
NaOH  and  NH4OH  with  the  difference  in  the  rate  of  their  diffu- 
sion into  the  unfertilized  egg.    If  the  rate  of  diffusion  of  NaOH 
is  extremely  slow  and  that  of  NH4OH  fast,  it  is  natural  that  the 
maximal  rate  of  oxidation  should  be  reached  with  a  lower  concen- 
tration of  NH4OH  than  of  NaOH.    We  determined  the  consump- 
tion of  oxygen  for  the  same  lot  of  eggs  for  eight  consecutive  hours 
in  50  cc.  of  sea  water  +  1.0  cc.  of  tv  NaOH.    The  following  table 
^ves  the  result. 

TABLE  IV. 
Consumption  of  oxygen  at  18^  in  60  cc.  of  normal  sea  water  •{-  1.0  cc.  of  tV 

NaOH  in  eight  consecutive  hours. 


OXTOEN  CONSUMED 

mgm. 

0.24 
0.38 
0.45 
0.50 
0.58 
0.72 
0.92 
0.95 

coBrriciBN 

OXIDATK 

let  hour 

1.00 

2d  hour 

1.57 

3d  hour 

1.87 

4th  hour 

2.08 

5th  hour 

6th  hour 

2.42 
3.00 

7th  hour 

3.84 

8th  hour 

3.96 

This  table  shows  that  the  longer  the  NaOH  acts  upon  the  egg 
the  higher  the  amount  of  oxygen  becomes  which  is  consumed  per 
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hour.  This  would  agree  with  the  assumption  that  the  NaOH 
diffuses  slowly  into  the  egg  and  that  the  increase  in  the  rate  of  oxi- 
dations in  the  unfertilized  egg  is  determined  by  the  amount  of 
base  which  has  diffused  into  the  egg. 

6.  It  was  to  be  expected  that  since  NH4OH  is  very  soluble  in  the 
egg,  i.e.,  diffuses  rapidly  into  the  egg,  its  maximum  effect  would 
be  reached  during  the  first  hour.  This  was  found  to  be  tane,  as 
the  following  table  shows. 

TABLE  V. 

Consumpiinn  of  oxygen  by  unfertilized  eggs  at  18^  in  50  cc.  of  normal  $ea 

water  -h  0,8  cc,  of  xy  NH4OH. 


Normal  sea  water 

50  cc.  sea  water  +  0.8  cc. 
50  cc.  sea  water  +  0.8  cc. 
50  cc.  sea  water  -f-  0.8  cc. 
50  cc.  sea  water  -|-  0.8  cc. 
50  cc.  sea  water  +  0.8  cc. 


^NH40H. 
^  NH«OH . 
ANH4OH. 
^NH«OH. 
■ftNH40H. 


Ist  hour 
2d  hour 
3d  hour 
4th  hour 
5th  hour 


OXTGEN 
CONSUMED 


mgm. 

0.15 
0.99 
1.03 
0.87 
0.86 
0.83 


coKmocifTor 
oxmktwK 


10 
6.7 
6.9 
5.8 
5.7 
5.5 


7.  We  intend  to  investigate  in  future  experiments  whether  these 
effects  of  bases  upon  the  rate  of  oxidations  in  the  unfertilized  eggs 
are  irreversible,  i.e.,  will  continue  if  the  eggs  are  put  into  nonnal 
sea  water  after  the  treatment  with  alkali.  But,  we  have  an  experi- 
ment which  possibly  serves  the  same  purpose.  We  measured  the 
amount  of  oxygen  consumed  in  one  hour  by  the  eggs  mentioned 
in  the  last  table  in  the  same  solution  sixteen  and  twenty-four 
hours,  respectively,  after  the  experiment.  In  the  meantime  the 
eggs  had  been  kept  at  a  low  temperature  in  normal  sea  wat». 
The  rate  of  oxidation  after  sixteen  or  twenty-four  hours  was  pnw?- 
tically  the  same  as  in  the  second  hour. 

8.  These  experiments  prove  two  facts,  first,  that  the  weaker 
bases  increase  the  rate  of  oxidations  in  the  unfertilized  egg  more 
than  the  stronger  bases;  and  second,  that  this  difference  is  due  to 
the  fact  that  the  weaker  bases  diffuse  more  rapidly  into  the  ^ 
than  the  strong  bases. 

The  connection  between  the  oxidative  action  of  bases  and  artifi- 
cial parthenogenesis  lies  in  the  fact  that  the  essential  factor  in 
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lortificial  parthenogenesis  is  an  alteration  of  the  surface  or  cortical 
ayer  of  the  egg  which  results  in  a  membrane  formation.    Loeb 
las  shown  in  former  experiments  that  bases  cause  the  swelling  and 
iquefaction  of  the  gelatinous  mass  (the  so-called  chorion)  which 
surrounds  the  immatiu*e  egg  of  a  mollusc^  LoUia,  and  that  this 
action  of  bases  is  inhibited  by  lack  of  oxygen  and  by  the  addition  of 
KCN.®    This  year  the  same  author  convinced  himself  that  weak 
bases  like  the  amines  and  NH4OH  bring  about  the  dissolution  of 
the  chorion  much  more  rapidly  than  the  strong  bases  NaOH  and 
tetraethylammoniumhydroxide.    It  is  possible  that  the  induction 
of  artificial  parthenogenesis  in  the  sea  urchin  egg  by  bases  depends 
uix>n  the  occurrence  of  a  similar  process  in  the  cortical  layer  of  this 
egg.®    We  may  imagine  that  they  act  by  accelerating  the  rate  of 
oxidation  of  a  substance  (existing  in  the  cortical  layer  of  the  egg?) 
whereby  the  membrane  formation  and  consequently  the  develop- 
ment of  the  egg  is  induced. 

SUMMARY. 

The  paper  shoWs  that  the  weak  bases  which  are  more  eflHcient 
in  causing  artificial  parthenogenesis  are  also  more  efficient  in  rais- 
ing the  rate  of  oxidations  in  the  unfertilized  egg.  This  lends  fur- 
ther support  to  the  view  expressed  by  Loeb  that  the  bases  cause 
artificial  parthenogenesis  through  an  acceleration  of  the  rate  of 
oxidations. 

The  experiments  were  carried  on  at  the  Herzstein  Laboratory  in 
Monterey,  California,  and  the  authors  express  their  thanks  to  Drs. 
Robertson,  Maxwell  and  Moore  for  thdr  kind  hospitality. 


•  Loeb:  Univ.  of  Calif.  Publ.  Physiol.,  iii,  p.  1, 1905. 
•Loeb:  Die  chemische  Eniwicklungserregung  des  tierischen  Eies,  Berlin, 
1909,  p.  181. 


FURTHER  METABOLISM  EXPERIMENTS  UPON  PARA- 

THYROIDECTOMIZED  DOGS. 

By  ISIDOR  GREENWALD. 

{From  the  Laboratories  of  Pathology  and  of  Biological  Chemistry  of  Columbia 
University  and  the  Chemical  Laboratory  of  the  Montefiore  Home.) 

(Received  for  publication,  March  19,  1912.) 

In  a  previous  paper,^  the  author  described  a  series  of  metabolism 
experiments  upon  parathyroidectomized  dogs.  The  most  striking 
change  in  the  metabolism  observed  after  removal  of  the  parathy- 
roids was  the  very  marked  diminution  in  the  excretion  of  phos- 
phorus in  the  urine.  This  was  not  accompanied  by  an  increase 
in  the  elimination  of  phosphorus  in  the  feces.  Apparently  there 
was  a  retention  of  phosphorus  in  the  body. 

One  of  the  questions  that  then  arose  was:  Is  this  retention  of 
phosphorus  a  primary  metabolic  disturbance  or  is  it  secondary  to  a 
retention  of  sodium  or  of  potassium  or  of  both?  The  experiments 
here  reported  were  designed  to  answer  this  question.  The  results 
leave  no  doubt  that  the  retention  of  phosphorus  is  primary.  In 
none  of  the  experiments  was  there  any  indication  of  a  retention  of 
sodium  or  of  potassium  preceding  that  of  phosphorus.  In  three, 
the  fall  in  the  phosphorus  elimination  occurred  a  day  before  the 
excretion  of  sodium  and  potassimn  was  affected.  In  the  other 
two,  the  excretion  of  all  three  substances  was  diminished  on  the 
day  of  the  operation. 

The  significance  of  these  experiments  is  not  altogether  clear.  It 
may  be  that,  after  parathjrroi Jectomy,  the  ratio  between  the  con- 
centrations of  calcium  and  of  sodium  and  potassium  in  the  body- 
fluids  is  altered  not  so  much  by  loss  of  calcium  as  by  retention  of 
sodium  and  potassium.  A  few  analyses  of  serum  indicate  that 
this  is  the  case.    Whether  or  not  such  a  change  can  be  regarded 

^Greenwald:   Amer.  Joum.  of  Physiol. t  xxviii,  p.  103,  1911. 
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as  the  cause  of  tetany  is,  of  course,  questionable.  However, 
since  these  changes  in  the  excretion  of  phosphorus,  sodium  and 
potassium  are  so  marked,  it  seemed  desirable  that  the  content 
of  these  substances  in  the  tissues  be  investigated.  Some  work 
has  already  been  done  on  the  amount  and  nature  of  the  phosphoms 
compounds  of  the  blood  and  senun  of  normal  and  parathyroidec- 
tomized  dogs.  An  account  of  these  experiments  is  given  in  the 
following  paper. 

As  in  the  previous  experiments,  the  author  is  indebted  to  Dr. 
W.  G.  MacCallum,  who  was  kind  enough  to  operate  upon  the 
animals  required. 

EXPERIBfENTAL. 

The  conduct  of  the  experiments  was  similar  to  those  previously 
reported.*  The  analytical  procedures  were  the  same  with  the 
following  additions  and  changes: 

Phosphates.    Titration  with  uranium  acetate,  using  cochineal  as  indicator. 

Mineral  acidity.    The  Folin  method.* 

Potassium  and  sodium.  Fifty  cc.  of  urine  are  ashed,  with  the  aid  of  a 
little  sulphuric  acid,  in  a  platinum  dish.  The  residue  is  dissolved  in  water 
and  treated  with  an  excess  of  barium  hydroxide.  The  precipitate  is  filtered 
out  and  washed  thoroughly.  A  slight  excess  of  sulphuric  acid  is  added  to 
the  filtrate.  After  filtering  from  the  barium  sulphate,  the  liquid  is  evapora- 
ted to  dryness  in  a  weighed  platinum  dish,  which  is  then  ignited  and  weighed. 
(The  trace  of  calciimi  present  is  included  but  may  be  disregarded.)  The 
residue  is  dissolved  in  about  20  oc.  of  water,  2  cc.  of  glacial  acetic  acid 
are  added  and  the  potassium  precipitated  as  the  cobaltinitrite  by  adding 
20  cc.  of  the  solution  of  Adie  and  Wood,*  drop  by  drop  (this  was  found  to  be 
necessary  to  ensure  correct  results).  After  standing  over  night  the  precipi- 
tate is  filtered  off  on  a  Grooch  crucible  fitted  with  a  piece  of  filter  p^)er, 
and  washed  with  10  per  cent  acetic  acid,  as  reconmiended  by  Thompson  and 
Morgan,*  whose  directions  are  followed  from  this  point.  The  crucible  with 
the  precipitate  is  placed  in  the  beaker  in  which  the  precipitation  has  been 
made,  an  excess  of  barium  hydroxide  solution  is  added  and  the  liquid  is 
boiled  for  two  or  three  minutes.  The  precipitate  of  cobalt  hydroxide  is 
filtered  off  and  washed.  The  filtrate  and  washings  are  diluted  to  a  definite 
volume,  generally  250  cc.    This  liquid  is  then  run  into  a  hot,  dilute  standard 


2  Cireenwald :  loc.  cit. 

*  Folin:  Amer.  Joum.  of  Physiol, f  ix,  p.  265,  1903. 

*  Adie  and  Wood :  Joum,  of  the  Chem.  Soc,,  Ixxvii,  p.  1076,  1900. 

*  Thompson  and  Morgan:  Joum,  of  Ind.  and  Eng,  Chem.,  iii,  p.  398, 1911. 
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olvi.t;ioD  of  potassium  permanganate,  containing  sulphuric  acid,  until  this 
3  decolorized.  From  the  volume  required,  the  amount  of  potassium  is 
^SLloiilated  and  from  this  and  the  weight  of  the  mixed  sulphates,  the  amount 
>f   sodium. 

TABLE  I. 

Kacore/ton  0/  phosphorus  after  incomplete  (f)  parathyroidectomy.    Dog  206. 


DATS 

1912 

WEIGHT 

VOLUMB 

8P.  OR. 

PHOS- 
PHATES 

REMARKS 

i^ehruary 

ce. 

mom.V. 

6 

11.67 

385 

361 

7 

11.72 

360 

1.019 

366 

8 

11.70 

380 

1.020 

393 

9 

11.70 

400 

1.019 

406 

10 

11.70 

450 

1.018 

511 

11 

11.70 

400 

1.020 

438 

12 

415 

1.021 

467 

Parathyroidectomy, 

13 

11.70 

400 

1.017 

353 

12  noon,  Feb.  11. 

14 

11.72 

330 

1.022 

324 

15 

11.72 

380 

1.020 

445 

At  no  time  did  the  dog  show  any  evidence  of  a  parathyroid  insufficiency. 
The  excretion  of  phosphorus  remained  almost  unchanged. 


TABLE  IL 

Urinary  data.    Dog  209. 


DATE 
1912 


February 

27 

28 

29 

.March 

1 

2 

3 


VOLUME 

SP.  OR. 

NITROQEN 

CHLORINE 

ce. 

grama 

mgm. 

600 

1.016 

7.567 

605 

460 

1.020 

7.741 

240 

400 

1.018 

6.760 

173 

430 

1.017 

6.578 

163 

200 

1.031 

5.675 

29 

420 

1.014 

5.858 

102 

PHOS- 
PHATES 

mym.P. 

651 
562 
493 

437 
11 
14 


POTASSIUM 


mgm. 

1027 
727 
697 

627 
618 

278 


SODIUM 

mgm. 

370 
32 

28 

54 

8 
28 


The  dog  weighed  13.50  kilos.  Parathyroidectomy  was  performed  at 
10.30  a.m.,  March  1.  A  slight  tremor  was  observed  at  2.30  p.m.,  March  2. 
This  gradually  increased  in  severity  until  10.20  a.m.,  March  3,  when  the  dog 
was  exsanguinated.  In  spite  of  the  very  marked  diminution  in  the  excretion 
of  phosphorus  on  the  day  of  the  operation,  the  elimination  of  potassium 
remained  unchanged  until  the  following  day. 
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TABLE  ra. 

Vrinary  data.     Dog  ill. 


OATS 

IfU 

vmtosT 

rOLCVB 

•P.  OK. 

jmsooKs 

^!SU 

"SSi' 

June 

kOm 

OC- 

frm 

■Vm^P. 

^Tf-- 

13 

13  55 

540 

1  026 

12  65 

746 

440 

14 

13  50 

550 

1  022 

11  38 

718 

624 

15 

1350 

490 

1  021 

9  56 

616 

»5 

16 

13  50 

400 

1  024 

'      951 

639 

619 

17 

13  60 

460 

1  026 

.      9  40 

551 

561 

18 

140* 

1  036 

1      4.80    > 

115 

12: 

18  p.m. 

360 

1  021 

1      8.34 

1 

148 

317 

*  A  Biiiall  qimntUy  of  mint  wa 

The  parathjrroids  were  removed  at  11.30  a.m.,  June  17.  SympicoB 
appeared  <m  the  afternoon  of  the  following  day.  The  dog  was  Ued  to  deatl 
at  4  pan.  On  the  day  of  the  operation  the  lessened  phospfaoros  excretioo 
was  paralleled  by  diminished  mineral  acidity.  The  latter  was  incrfawd 
somewhat  on  the  following  day,  due,  presumably,  to  a  retention  of  potas- 
sium and  sodium. 

TABLE  tV. 

Urinary  data.     Dog  £14. 


DATE 
IfU 

▼OLCMB 

wr.  GE. 

KITBOOEir 

FHOft- 
PHATBE 

CHLOEUCB 

mftm. 

imnAi 

Acam 

July 

ee. 

«.ft«« 

9 

300 

1020 

6566 

369 

10 

360 

1020 

8335 

511 

11 

320 

1020 

8  170  . 

476 

12 

430 

1026 

4960 

* 

317 

13 

4  960  ' 

317 

14 

550 

1013 

8  880  , 

531 

256 

435 

15 

430 

1015 

7  163 

454 

241 

365 

16 

350 

1020 

7  152  ! 

425 

210 

333 

17 

300 

1028 

7  290 

435 

471 

96 

IS 

400 

1016 

8  145 

317 

162 

359 

19 

350 

1021 

8  016 

348 

249 

390 

20 

230 

1027 

10  000  . 

481 

273 

453 

21 

560 

8  108 

257 

245 

m 

450 

1016 

8  106 

147 

147 

251 

T'U^      J^»     _^ 

:— u^.j    to  «n 

u;i,^       n 

)^ au ^:a 

.w^A^.^.. 

■  ■■^fcrf%            w^.«v^»« 

^PW%A/4        ttt 

11  a.m.,  July  16.  There  was  a  slight  fall  in  the  excretion  of  pbospbons 
but  no  other  indication  of  parath>Toid  insufficiency.  On  July  20,  si 4.30 
p.m.,  both  th>Toi(is  were  removed.  The  output  of  phosphorus  immediitely 
decreased.    Slight  twitching  was  noted  at  11.30  p.m.,  July  21.    The  next 
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loming,  the  twitching  was  more  marked  and  the  dog  was  killed.  The  very 
larked  drop  in  the  mineral  acidity  on  the  day  of  the  first  operation  cannot, 
.t  present,  be  satisfactorily  explained.  After  the  second  operation,  the 
aineral  acidity  fell  with  the  excretion  of  phosphorus. 


• 

TABLE 

V. 

Urinary  data. 

Dog  SiB, 

DATS 
1912 

KITROOBN 

PHOSPHATES 

CHLORINE 

POTASSIUM 

SODIUM 

October 

grams 

mgm.  P. 

mgm. 

mgm. 

mgm. 

26 

10.73 

874 

800 

823 

166 

27 

8.39 

717 

533 

629 

105 

28 

12.48 

1035 

924 

1282 

466 

29 

8.89 

744 

382 

694 

140 

30 

12.68 

1166 

1560 

1275 

519 

31 

8.38 

685 

637 

619 

383 

November 

1 

10.36 

560 

1668 

869 

1143 

2 

5.08 

171 

312 

166 

80 

3 

14.63 

832 

1184 

791 

125 

3  p.m. 

7.17 

475 

629 

685 

75 

The  dog  weighed  26.0  kilos.  Parathyroidectomy  was  performed  in  the 
afternoon  of  October  31.  Slight  tremor  was  observed  at  6  p.m.,  November 
3.  At  8.30  p.m.,  there  was  severe  twitching  and,  at  9  p.m.,  the  dog  was 
killed.  On  the  day  of  the  operation  there  was  a  pronounced  fall  in  the  elimi* 
nation  of  phosphorus.  The  usual  amount  of  potassium  was  excreted  and 
the  output  of  sodium  was  greater  than  on  any  other  day. 

TABLE  VI. 
Urinary  data.  Dog  $17. 


DATS 

1913 

NITBOGKN 

PHOSPHATES 

POTASSIUM 

SODIUM 

November 

1 

gramt            \ 

mgm.  P. 

• 

mgm. 

mgm. 

21 

5.479 

393 

549 

291 

22 

6.340 

494 

599 

268 

23 

6.803 

520 

620 

277 

24 

9.202 

731 

1133 

702 

25 

6.571 

533 

757 

218 

26 

7.352 

242 

320 

53 

27 

6.750 

310 

235 

21 

27  p.m. 

2.623          I 

113 

212 

18 

The  dog  weighed  11.0  kilos.  The  parathyroids  were  removed  on  the 
morning  of  November  25.  At  3  p.m.  November  27,  the  dog  was  in  tetany 
and  was  exsanguinated.  In  this  experiment  the  excretion  of  potassium  and 
sodium  paralleled  that  of  phosphorus. 
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i   THE  PHOSPHORUS  CONTENT  OF  THE  BLOOD  OF 
lYORMAL  AND  PARATHYROmECTOMIZED  DOGS. 
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rorm  the  Laboratories  of  Pathology  and  of  Biological  Chemistry  of  Columbia 
University  and  the  Chemical  Laboratory  of  the  Montefiore  Home,) 

(Received  for  publication,  March  19, 1913.) 

As  a  result  of  previous  experiments  upon  dogs,^  in  the  course  of 
iiich  a  marked  retention  of  phosphorus  was  observed  after  removal 
f  the  parathyroid  glands,  it  became  of  interest  to  ascertain  the 
3nn  in  which  phosphorus  was  stored  in  the  organism  under  the 
txp>erimental  conditions.  It  is  generally  conceded  that  the  tetany 
lonsequent  upon  parathyroidectomy  strongly  suggests  an  intox- 
cation  by  a  circulating  toxin.  In  these  experiments,  therefore, 
Jie  amount  and  distribution  of  phosphorus  in  blood  and  serum 
was  investigated. 

The  experiments  were  conducted  in  pairs. .  After  a  few  days' 
observation,  during  which  period  the  dog  was  kept  on  a  constant, 
weighed  diet,^  the  parathyroids  were  removed.    As  soon  as  the 
twitching  became  well  marked,  the  animal  was  exsanguinated.    In 
the  earlier  experiments  this  was  accomplished  under  ether  anes- 
thesia and  from  a  carotid  artery.    Later,  the  dogs  were  bled  from 
a  femoral  artery,  using  cocaine.    The  control  dog,  of  the  same 
sex  (except  in  some  of  the  earlier  experiments),  and  of  nearly  the 
same  size  and  age,  was  fed  for  a  number  of  days  on  a  diet  that 
was,  per  kilo,  the  same  as  that  of  the  experimental  animal  and  was 
bled  at  the  same  interval  after  the  last  meal  as  was  the  parathy- 
roidectomized  dog.      In  this  way  it  was  hoped  to  eliminate  the 
effect  of  age,  sex,  the  absorption  of  food  and  of  long-continued 
tetany.* 

*Greenwald:  Amer.  Journ.  of  Physiol.,  xxviii,  p.  103,  1911. 

*  This  never  contained  bone-aah.    Infusorial  earth  was  used  in  its  stead. 

•  For  further  details  as  to  the  conduct  of  the  experiments  see  Greenwald : 

loc.  cit. 
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For  the  estimation  of  phosphorus  a  slight  modification  of  the 
Nemnann*  method  was  used.    It  was  found  that,  if  Neumann's 
directions  were  followed,  precipitation  of  the  phosphomcdybdate 
was  not  always  complete.    If,  however,  after  oxidation  was  com- 
plete, the  acid  was  diluted  and  neutralized  with  ammonium  hydrox- 
ide, then  acidified  with  nitric  acid,  heated  to  about  65^,  cc»npl^e 
precipitation  occurred  on  addition  of  ordinary  acid  molytdate 
solution  and  digestion  at  65°  for  one  or  two  hom^.    The  mixture 
was  then  allowed  to  stand  at  room  temperature  for  several  hours, 
ordinarily  over  night,  then  filtered  on  a  Gooch  crucible  fitted  with 
a  piece  of  hardened  filter  paper  and  washed  with  cold  water.    The 
crucible  and  the  precipitate  were  placed  in  the  beaker  in  which 
the  precipitation  had  been  made  and  the  precipitate  was  dissolved 
in  a  slight  excess  of  standard  sodium  hydroxide  solution  (approx- 
imately seventh-normal).    From  10  to  30  cc.  of  formalin,'  prev- 
iously neutralized  to  phenolphthalein  with  sodium  hydroxide, 
were  added,  then  10  or  25  cc.  of  standard  acid  and  finally  standard 
sodium  hydroxide  solution  until  the  liquid  was  faintly  alkaline  to 
phenolphthalein.    The  volume  of  the  alkaline  solution  required, 
less  the  volume  of  the  acid  used,  multiplied  by  the  factor,  gave  the 
amount  of  phosphorus  in  the  sample.    Even  with  less  than  1 
mgm.  of  phosphorus  the  error  is  only  =^2  per  cent. 

For  the  estimation  of  the  different  forms  of  phosphorus  in  blood 
and  senun,  several  methods  were  tried.  Most  of  these  were 
found  to  be  unsuitable.  At  first  the  blood  was  received  in  tared 
flasks  containing  glass  beads  and  thoroughly  shaken.  The  flasks 
were  weighed  and  the  contents  transferred  to  a  bottle  containiDg 
several  volumes  of  95  per  cent  alcohol,  recently  distilled  over  sodium 
hydroxide.  After  standing  a  few  days,  the  mixture  was  filtered 
through  a  linen  bag  and  the  residue  extracted  with  hot  alcohol 
in  a  continuous  extraction  apparatus.  It  was  found  that  the 
extracts  were  always  deeply  colored  and  that  they  contained  con- 
siderable quantities  of  material  (hematin?)  which  made  subsequent 
separation  of  the  lipoids,  either  by  precipitation  with  chlorofonn* 
or  by  extraction  with  anhydrous  ether,  difficult  and  inaccurate. 

*  Neumann:  Zeilschr.  /.  physioL  Chem.,  xxxvii,  p.  115,  1908. 

*  Bang:  Biochem,  Zeilschr.,  xxxii,  p.  443,  1911. 

*  Koch  and  Woods:  this  Journal,  i,  p.  206,  1906. 
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An  attempt  was  made  to  dry  the  blood  by  mixing  it  with  infus- 
oriaJ  earth  to  form  a  thick  paste  and  exposing  this  to  the  air,  or 
in  vacuo  J  at  a  moderate  temperatm*e  (30-35°).  A  fine,  dry  powder 
"was  readily  obtained  but  it  was  found  that  extraction  with  the 
usual  solvent,  removed  only  a  small  portion  of  the  phospholipins 
known  to  be  present. 

For  precipitation  of  the  proteins  and  extraction  of  the  lipoids, 
Acetone  was  found  to  be  most  suitable.  Addition  of  four  volumes 
of  acetone  to  blood  or  sermn  precipitates  protein  and  inorganic 
phosphates  completely.  Subsequent  treatment  of  the  precipi- 
tate with  hot  acetone  removes  the  lipoids  practically  completely 
but  does  not  affect  hemoglobin  nor  dissolve  inorganic  phosphate. 
If  the  acetone  extract  be  evaporated  and  the  lipoids  precipitated 
-with  chloroform,  only  traces  of  phosphorus  are  found  in  the  fil- 
trate. After  extraction  with  acetone,  treatment  with  hot  alcohol 
and  ether  removes,  at  most,  only  traces  of  phosphorus  compounds 
from  serum  and  only  comparatively  small  amounts  from  whole 
blood. 

For  the  determination  of  water-soluble  phosphorus,  direct  ex- 
traction of  the  residue  from  the  lipoid  extraction  with  hot  water 
and  dialysis  were  tried.  Both  were  failures,  removal  of  inorganic 
phosphate  being  incomplete  within  any  reasonable  period.  Ex- 
traction with  dilute  hydrochloric  acid  was  also  unsuccessful,  for 
the  protein  swelled  to  a  jelly.  Direct  estimation  of  the  non-col- 
loidal phosphorus  of  serum  was  attempted  in  the  filtrate  from  the 
kaolin  precipitate  produced  by  the  method  of  Michaelis  and 
Rona,^  but  it  was  found  that  all  of  the  inorganic  phosphate  added 
could  not  be  recovered.    Apparently  some  had  been  adsorbed. 

The  procedures  that  give  the  best  results  in  the  estimation  of 
water-soluble  phosphorus  are  the  following: 

1.  The  serum  or  blood  is  mixed  with  nine  or  nineteen  volumes, 
respectively,  of  a  solution  containing  1  per  cent  of  acetic  acid  and 
0.6  per  cent  of  picric  acid.  After  a  few  hom^  the  liquid  is  filtered 
and  the  phosphorus  in  ^n  aliquot  portion  of  the  filtrate  is  estimated 
hi  the  usual  manner. 

2.  The  dry  residue  from  the  lipoid  extraction  is  ground  to  a 
powder  and  treated  with  a  dilute  solution  of  hydrochloric  acid  (1 

'  Michaelis  and  Rona:  Biochem.  ZeiUchr.,  vii,  p.  329;  viii,  p.  356,  1906. 
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per  cent  by  volume  of  the  cono 
ric  acid.  Ten  or  twenty  voliu: 
are  used  for  each  volume  of  Ber 
The  mixture  is  shaken  at  inte 
night.  It  is  then  filtered  and  ph 
I>ortion  of  the  filtrate. 

Concordant  values  for  the  ph 
extracts  by  barium  and  anunoni 
consequently  only  total  phosphi 

That  these  methods  are  fairlj 
given  in  tables  I-III. 

As  already  stated,  separation 
the  blood  into  various  fraction 
aeries  of  experiments.  The  figui 
by  addii^  together  the  values  o 
different  fractions.  In  the  caa 
phosphorus  was  estimated  dire* 
phosphorus  content  of  the  b}( 
dogs  was  greater  than  in  that  ol 

In  the  two  following  experimi 
fusorial  earth  and  dried.  On 
lipins  were  not  removed  by  tl 
terminations  of  the  total  solid 
made  with  the  results  indicate 
samples  of  this  dry  powder  wer 
chloric  acid  mixture  and  phos; 
The  values  obtained  are  given  ii 

The  material  for  the  next  series  ui  a-uatj 
rinated  blood  from  a  normal  and  a  parathyroidectomiied  dog. 
obtained  in  the  coiu^e  of  other  experiments.  Data  relating  to 
the  sex,  weight  and  food  of  the  dogs  are  lacking.  In  this  series 
the  acetone  extraction  method  was  used  but  the  residues  wen 
wasted  in  a  vain  attempt  to  remove  inorganic  phosphate  by  dialy- 
sis or  by  means  of  boiling  water.  Howevgr,  direct  estimations  of 
the  acid-extractable  phosphorus  were  made,  using  the  acetic  acid- 
picric  acid  mixture  already  described.  The  figures  obtained  tn 
given  in  table  VI. 

The  blood  from  the  next  pair  of  dogs  was  allowed  to  clot.  The 
serum  was  centrifuged  to  remove  all  the  cells  and  then  analywd. 
Unfortunately,  scarcity  of  material  and  a  series  of  accidents  nude 
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it  impossible  to  determine  more  than  the  total  nitrogen  and  phos- 
phorus and  the  phosphorus  extracted  by  acetone  and  by  subse- 
quent treatment  with  absolute  alcohol  and  ether.  The  figures 
obtained  are  presented  in  table  VII. 

Because  parathyroidectomy  was  not  followed  by  symptoms  cf 
parathyroid  insuflBciency,  the  next  dog,  214,  had  both  thyroidls 
removed.  Tetany  then  developed  and  the  dog  was  bled.  The 
blood,  as  also  that  of  the  control,  was  oxalated.  In  calculating 
the  results  of  the  analyses,  which  are  summarized  in  table  VIII, 
proper  allowance  has  been  made  for  the  weight  of  the  ammonium 
oxalate  solution  used.  .    •; 

In  the  three  following  experiments,  perfectly  clear  serum,  almo^ 
free  from  hemoglobin,  was  obtained.  If  the  senun  is  at  all  red,  it 
contains  enough  inorganic  phosphate  derived  from  erythrocytes 
to  make  analysis  useless.  The  results  obtained  are  summarized 
in  table  IX. 

As  can  readily  be  seen  on  examining  the  tables,  the  total  amount 
of  phosphorus  in  the  blood  and  senmi  of  parathyroidectomized 
dogs  is  regularly  greater  than  in  normal  dogs.  This  increiase  is 
not  associated  with  a  corresponding  increase  in  the  amouiit  lof 
total  solids  or  of  nitrogen;  on  the  contrary  it  may  be  very  matked 
in  the  presence  of  an  equally  pronounced  diminution  oi  totlal/sdi- 
ids  and  nitrogen.  The  increase  seems  to  be  due  largely,  if  riibt 
entirely,  to  an  increase  in  that  form  of  phosphorus  which,  for  waht 
of  a  better  name,  we  have  called  acid-extracted  phosphorusJr/A 
part  of  this  fraction  is  inorganic  phosphate;  whether  or  notl  all 
of  it  is  inorganic,  cannot  be  stated.  The  amoimt  of  lipin-phofl^ 
phorus  in  the  blood  and  serum  of  dogs  varies  considerably  anc^, 
apparently,  bears  no  relation  to  the  presence  or  absence  of  the 
parathyroid  glands. 

Very  recently  Juschtschenko*  has  published  the  results  of  an 
investigation  into  the  nitrogen  and  phosphorus  content  of  the 
tissues  of  normal  and  parathyroidectomized  dogs.  Only  hi?  re- 
sults with  serum  need  concern  us  now.  He  dried  the  senun,  first 
at  30®,  then  at  65**,  and  estimated  inorganic  phosphate  by  the 
method  of  Stutzer  and  Neumann.  He  states  that  the  amount  of 
inorganic  phosphate  of  the  serum  is  the  same  in  dogs  in  tetany 
and  in  normal  dogs.    He  makes  no  reference  whatever  to  his 

,  .  ■.     •  -.      .    ,    ^ 

*  Juschtschenko:  Biochem.  Zeitschr.,  xl,  p.  64,  1912. 


374  Phosphorus  Content  of  the  Blood 

earlier  paper'  in  which  he  claimed  that  the  blood  of  dogs  and  rsb- 
bits  in  tetany  after  thyroidectomy  contained  more  inorganic  phos- 
phate  than  did  the  blood  of  normal  animals.  It  is  also  int^^sting 
to  note  that,  in  the  two  instances  in  which  he  determined  the  phos- 
phorus in  the  residue  obtained  after  extraction  of  the  lipoids  from 
the  dried  senun,  the  higher  values  were  obtained  in  the  pr^nra- 
tions  from  parathyroidectomized  dogs.  The  conclusions  drawn 
by  Juschtschenko  from  his  experiments  are  open  to  other  object 
tions.  His  dogs  were  in  tetany  for  hours  and  days  before  tbey 
were  bled  so  that  it  is  impK)ssible  to  distinguish  the  effect  of  the 
parath3rroidectomy  from  the  possible  effect  of  the  tetany  and  inan- 
ition. Phospholipins  are  apt  to  decompose  when  kept  at  65° 
for  twenty-four  hours,  as  occurred  in  Juschtschenko's  method  of 
drying  the  serum.  Apparently  he  did  not  attempt  to  test  the 
accuracy  of  his  method,  to  see  if  inorganic  phosphate  added  to 
the  serum  could  be  recovered. 

SUMMARY. 

After  removal  of  the  parathyroid  glands,  the  total  phospbonis 
of  the  blood  and  serum  of  dogs  is  increased.  This  may  be  ob- 
served at  a  time  when  the  tremor  is  still  very  slight.  The  increase 
may  be  as  much  as  160  mgm.  of  phosphorus  per  kilo  of  blood. 
The  greater  part  of  this  increase  is  in  the  fraction  which  is  insolu- 
ble in  the  usual  lipoid  solvents  but  is  soluble  in  a  mixture  of  dilute 
hydrochloric  or  acetic  and  picric  acids. 

It  is  with  great  pleasure  that  I  acknowledge  my  indebtedness 
to  Dr.  W.  G.  MacCallum,  who  was  kind  enough  to  remove  the 
parathyroids  from  the  ammals  required. 

TABLE  I. 

Acid-exlrtictable  'phosphorus  in  26  cc,  of  ox4>lood, 

(Results  expressed  as  cubic  centimeters  of  standard  solution  required  for 
titration  of  the  phosphomolybdate.) 


■XTRACTSO  WITH  DILUTB  ACBTIC  AXD 

SXTEACTSD  WITH  HTDKOCHLOEIC  AND  ritBIC 

PICBIC  ACIO0 

1        ACIDS, 

ATRK  BXTEACnON  WITH  ACWOKI 

ec. 

1 

et. 

20.45 

1 

y 

20.40 

20.50 

20.50 

( 

20.50 

•  Juschtschenko:  Zeiischr.  f.  vhvs 

iol.  Chen 

1..  Ixxv.  D.  141.  1911. 
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TABLE  II. 

.Reeopery,  by  the  picric-acetic  cund  method,  of  inorganic  phosphate  added  to 

blood. 

(MgsPjOr  dissolved  in  dilute  HNO3,  neutralized  with  NaOH  before 
adding  to  the  blood.  Results  expressed  as  cubic  centimeters  of  standard 
solution  required  for  titration  of  the  phosphomolybdate.) 


NOMBKB 

BLOOD 

▲DOSD  PB08PHATB 

BLOOD  AND 
PH08PHATB 

PBOBPBATB 
RBCOTBBKD 

ee. 

ce. 

ce. 

ec. 

1     / 

16.17 

49.85 

64.00 

48.83 

15.17 

20.45 

49.85 

70.50 

50.02 

20.60 

49.85 

70.70 

50.22 

49.85 

70.10 

49.62 

M 

26.4 

66.0 

92.2 

65.8 

26.2 

66.0 

92.0 

65.8 

TABLE  in. 

Recovery,  by  the  picric-hydrochloric  acid  method,  of  inorganic  phosphate  added 

to  blood. 

(MgsPsOr  dissolved  in  dilute  HNOj,  neutralized  with  NaOH  before 
adding  to  blood.  Results  expressed  as  cubic  centimeters  of  standard 
solution  required  for  titration  of  the  phosphomolybdate.) 


AOBTONB-SOLnBLB 
FHOaPHOBUB 

ADDBD 
PH08PHATB 

ce. 

49.95 
49.85 
49.85 

AOXD-EXTBACTBD  PHOSPHOBUB 

PR08PHATB 

Blood 

Blood  and 
phosphate 

Blood 

Blood  and 
phosphate 

BBCOVEBBD 

ee. 
11.45 

ee. 

11.60 
11.30 

ec. 

20.40 
20.50 
20.50 

ee. 

69.60 
70.45 
71.33 

ee. 

49.20 
49.96 
50.83 

TABLE  IV. 
Total  phosphorus  in  blood  from  normal  and  parathyroidectomized  dogs. 


NUMBBB 

PABATHTBOIDBCTOMIZBD 

NUMBBB 

CONTBOL 

m§m.  p«r  kilo 

mgm.  per  kilo 

105 

ATI 

107 

521 

108 

425* 

110 

512 

109 

416 

111 

474t 

*  Parathyrolda  removed  ten  days  before  bleeding;  no  symptoms, 
t  Chronic  latent  tetany.    See  protocol  of  experiment  below. 
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Dog  106.    Fox-terrier,  male,  weight  10.70  kilos.    The  parathyroids 
removed  at  10  a.m.,  January  19, 1911.    On  the  following  day,  sli^t  twitch- 
ing was  noticed  at  2  p.m.     This  was  more  marked  at  3  p.m.,  when  ^le  do| 
was  exsanguinated. 

Dog  107,  Mongrel,  bitch,  weight  9.20  kilos.  ParathyroideetoiDy  WM 
performed  at  2  p.m.,  January  31, 1911.  Slight  twitching  was  noticed  at  130 
p.m.,  February  4,  and  at  3.30  the  dog  was  bled. 

Dog  108,  Mongrel,  male,  weight  8.35  kilo.  Four  parathyroids  were  it- 
moved  on  February  4,  1911.  No  S3rmptoms  appeared  and  the  dog  was  bled 
at  3  p.m.,  February  14. 

Dog  109.  Bull-terrier,  bitch,  weight  8.30  kilos.  Exsanguinated  at  4JD 
p.m.,  February  14,  1911. 

Dog  110.  Beagle,  bitch,  weight  9.60  kilos.  Parathyroidectomy  wis 
performed  at  3  p.m.,  February  10, 1911.  Very  slight  twitching  was  noticed 
at  3.30  p.m.,  February  12.  This  gradually  became  more  marked  onti],  at 
5.30  p.m.,  the  dog  was  exsanguinated. 

Dog  HI.    Bull-terrier,  bitch,  weight  13.0  kilos.    Parathyroidectomy  wis 
performed  on  March  21,  1911,  but  no  83rmptoms  of  parathyroid  insufficiency 
appeared  within  the  following  two  weeks.    On  April  6,  a  pup  was  bom  pre- 
maturely and  died  the  same  day.    Another  was  bom  the  following  mornii^ 
and  lived  about  twenty-four  hours.    On  the  morning  of  April  8,  aaliglit 
tremor  was  noticed.    This  grew  more  marked  and  continued  several  daji. 
Two  pups  were  found  in  the  cage  on  the  morning  of  April  10.    They  were 
quite  well  developed  but  the  mother  paid  little  attention  to  them  and  tbey 
died  the  following  morning.    On  this  day  (April  11),  four  pups  made  tlieir 
appearance.    The  mother  suckled  them  but  one  died  on  the  16th  and  an- 
other on  the  17th.    The  other  two  survived  and  were  raised  to  an  a^  of 
about  four  months  when  they  were  unfortunately  lost.    They  aeemed  to 
be  quite  normal.    The  mother  continued  in  tremor  until  April  21,  two  weeb 
in  all.     In  June,  attempts  were  made  to  induce  tetany  by  feeding  large 
quantities  of  meat  and  of  extract  of  beef.    These  were  not  succeaafol 
After  a  return  to  the  usual  diet  for  three  days,  the  dog  was  bled  at  3  p.n. 


TABLE  V. 


Analyses  of  blood  from  a  parathyroideciomized  dog  {909)  andfromanormd 

dog  (910). 


Total  solids 

Total  nitrogen  — 
Total  phosphorus. 


200 


Phosphorus  extracted  with  di- 
lute acid 


17.80  per  cent. 
2.31  per  cent. 
592.7     mgm.    per 
kilo. 


387.4 
kilo. 


mgm.    per 


sio 


24.26  percent 

3.16  per  ceot. 

430.3     mgm 

kilo. 


J» 


290.4     mgm.   per 
kilo. 
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Dog  £09,  Bull-terrier,  male,  weight  13.50  kilos.  The  parathsrroids  were 
removed  at  10.30  a.m.,  March  1,  1912.  A  slight  tremor  was  noticed  at  2.30 
p.m.,  the  following  day.  This  became  a  little  more  marked  during  the 
afternoon  but  was  not  severe  at  2.30  a.m.,  March  3«  There  was  pronounced 
twitching  at  10.20  a.m.  and  the  dog  was  bled  to  death. 

Dog  BIO.  Bull-terrier,  male,  weight  13.00  kilos.  Exsanguinated  at  9  a.m., 
March  8. 

TABLE  VI. 

Analyses  of  blood  from  a  paratkyroidectomized  dog  and  a  normal  dog. 


PABATHTBOIDKCTOlflXKD 


3.02  per  cent. 
482     mgm.  per  kilo. 


Total  nitrogen 

Total  phosphorus 

Phosphorus  extracted  with  ace- 
tone   I  145     mgm.  per  kilo. 

Phosphorus  extracted  with  al-l 


cohol  and  ether 

Phosphorus      extracted     with 
picric-acetic  acid  solution. . . 


11.7  mgm.  per  kilo. 
284     mgm.  per  kilo. 


NORMAL 


2.97  per  cent. 
409     mgm.  per  kilo. 

135     mgm.  per  kilo. 

12.2  mgm.  per  kilo. 

239     mgm.  per  kilo. 


TABLE  VII. 


Analyses  of  serum. 


Total  nitrogen 

Total  phosphorus 

Phosphorus  extracted  with  ace- 
tone  

Phosphorus  extracted  with  al 
cohol  and  ether 


PABATHTBOIDBCTOMIZBD 
DOO  212 


9.833  gm.  per  kilo. 
209  mgm.  per  kilo. 

129  mgm.  per  kilo. 

Trace 


NOBUAL  DOO  213 


9.350  gm.  per  kilo. 
179  mgm.  per  kilo. 

133  mgm.  per  kilo. 

Trace 


Dog  £12.  Bull-terrier,  bitch,  weight  13.50  kilos.  The  parathsrroids  were 
removed  at  11.30  a.m.,  June  17,  1912.  At  4  p.m.,  the  following  day,  the  dog 
was  in  tetany  and  was  exsanguinated. 

Dog  $1S,  Mongrel,  bitch,  weight  11.60  kilos.  Bled  at  4  p.m.,  June  22, 
1912. 
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TABLE  vni. 


Phosphorus  in  blood  from  a  thyro-parathyroidectomized  dog  {S14)  o^  « 

normal  dog  {il4B). 


Total 

Extracted  with  acetone 

Extracted  with  alcohol  and  ether 

Extracted  with  picric-hydrochloric  acid. . 
Not  accounted  for  (protein  phosphorus?) 


MZLUOBAMB  PBOSVaOKFt  FIS 
XZLO  or  BLOOD 

214              ' 

21  iB 

..,          436 

370 

..;          162 

110 

•  1          *w«» 

..'             8 

7 

233 

192 

..i           33       I 

31 

Dog  £14,  Mongrel,  male,  weight  12.40  kilos.  Parath3rroidectomy 
performed  July  16,  1912.  Tremor  did  not  appear,  nor  was  the  excretioo  ol 
phosphorus  diminished.  At  4.30  p.m.,  July  20,  both  thjrroids  were  remored. 
At  11.30  p.m.,  the  following  day,  there  was  slight,  occasional  twitchinf. 
This  was  more  evident  at  9  a.m.  the  next  morning  and  the  dog  was  bled  to 
death. 

Dog  B14B.    Mongrel,  male,  weight  13.50  kilos.    Bled  at  9  a.m.,  Auguft 
9,  1912. 

TABLE  IX. 
Phosphorus  in  serum  from  parathyroidectomized  and  normal  dogs. 


m 

PHOSPHOBUS  PSB  KILO  OP  SBBUM 

ri  umvbm 

Total 
m§m. 

Acetone                 Acid 
extract                extract 

B«lda 

Parathyroidectomized 

m§m.                   <N#m. 

• 

215 

212 

149                 62.3 

217 

222 

128        '        76.7 

219* 

291 

194 

87.7 

3.8 

Normal 

216 

157 

131 

26.9 

218 

244 

186 

44.4 

24 

220 

167 

110 

45.5 

"Complete  thyroidectomy. 

Dog  $16,  St.  Bernard,  male,  weight  26.0  kilos.  The  parathyroids  wer« 
removed  in  the  afternoon  of  October  31,  1912.  Sli^t  tremor  appeared  it 
6  p.m.,  November  3.  At  8.30,  twitching  was  quite  pronounced  and  the  dog 
was  bled. 
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r>og  M16.    Mongrel,  male,  weight  14.0  kilos.    Bled  at  8  p.m.,  November 
16,  1912. 

L>off  217.  Bull-terrier,  male,  weight  11.0  kilos.  Parathyroidectomy  was 
perforzned  on  the  morning  of  November  25,  1912.  Tremor  was  doubtful 
at  9  a.m.,  November  27  but,  at  3  p.m.,  the  dog  had  a  severe  attack  of  tetany 
and  at  3.45  was  exsanguinated . 

Dag  21s.  Mongrel,  male,  weight  9.45  kilos.  Bled  at  4.30  p.m.,  February 
12,  1913. 

L>og  219.  Mongrel,  male,  weight  14.7  kilos.  Four  parathyroids  were 
removed  on  December  19,  1912.  As  no  symptoms  appeared,  the  right  thy- 
roid ^was  removed  on  December  22.  This  was  also  without  apparent  effect 
and  at  3  p.m.,  December  25,  the  other  thyroid  was  removed.  At  8  p.m., 
December  29,  there  was  slight,  though  unmistakable,  twitching.  No 
change  was  observed  at  10.30  p.m.  and  the  dog  was  bled.  A  severe  attack 
of  tetany  occurred  during  the  bleeding. 

Don  ^^'    Mongrel,  male,  weight  16.0  kilos.    Bled  at  10.30  p.m.,  Janu- 
ary 12,  1913. 
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RESEARCHES  ON  PURINES. 

ON  2-M£THTLM£RCAPT0-<S,8-DI0ZYPnRIN£  AND  2-METHTLMER- 

CAPTO-6-OXY-8-AMINOPnRINE. 

(tenth  paper.)' 

By  carl  O.  JOHNS  and  EMIL  J.  BAUMANN. 
{From  the  Sheffield  Laboratory  of  Yale  University,) 

(Received  for  publication,  March  21, 1913.) 

The  only  method  hitherto  employed  for  the  preparation  of 
alkyhnercapto  purines  has  been  to  alkylate  thiopurines  by  means 
of  alkyl  halides.  Thus,  Fischer*  obtained  6-methylmercapto-7- 
methylpurine  (I)  by  the  action  of  methyl  iodide  on  the  pota&sium 
salt  of  6-thio-7-methylpurine. 

As  far  as  we  are  aware  no  alkylmercapto-orthodiaminopjoimid- 
mes  have  hitherto  been  prepared.'  We  have  succeeded  in  prepar- 
ing 2-raethylmercapto-4,5-diamino-6-oxypyrimidine  (V)  and  have 
used  it  for  the  synthesis  of  purine  derivatives.  The  reactions 
leading  to  the  preparation  of  this  diaminopyrimidine  are  as  follows: 
2-Thio-4-amino-6-ox)rpyrimidine  (II)*  was  alkylated  in  a  solution 
of  potassiimi  hydroxide  at  room  temperature  by  means  of  dimethyl 
sulphate.  This  reaction  had  previously  been  carried  out  with 
methyl  iodide  but  the  reaction  was  not  very  smooth.'  The  yield 
of  2-methylmercapto-4-amino-6-oxypyrimidine  (III)  obtained  by 
the  use  of  dimethyl  sulphate  was  as  high  as  90  per  cent  of  the  cal- 
culated. This  mercapto  derivative  then  gave  a  quantitative  yield 
of  2-methylmercapto-4-amino-5-nitroso-6-oxyp3rrimidine  (VI)  when 
acted  on  by  nitrous  acid.  The  nitroso  compound  was  reduced 
smoothly  to  2-methylmercapto-4,5-diamino-6-oxypyrimidine  (V), 

'  Johns:  this  Journal^  xiv,  p.  1,  1913. 

*Emil  Fischer:  Ber,  d,  deutsch.  chem.  Geselhch,,  xxxi,  p.  437,  1898. 
*  Some  preliminary  experiments  on  this  work  were  made  in  1906:  John- 
son, Johns  andHeyl:  Amer,  Chem.  Journ,,  xxxvi,  p.  172,  1906. 
*W.  Traube:  Ann.  d.  Chem.  (Liebig),  cccxxxi,  p.  71,  1904. 
'  Johnson  and  Johns:  Amer.  Chem.  Journ.,  xxxiv,  p.  181,  1905. 
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using  ammonium  sulphide  as  the  reducing  agent.  The  yidd  was 
90  per  cent  of  theory. 

When  2-methyhnercapto-4,5-diamino-6-oxypyrimidine  was  heat- 
ed with  urea  it  gave  2-methyhiiercapto-6,8-dioxypurme  (IV), 
the  yield  being  60-70  per  cent  of  the  calculated.  The  m^takpto 
group  in  this  purine  is  very  firmly  bound  but  on  boiling  with  a 
large  excess  of  20  per  cent  hydrochloric  acid  for  twenty  hours, 
methylmercaptan  was  evolved  slowly  and  uric  acid  (VII)  was 
formed. 

It  is  well  known  that  when  orthodiaminop3nimidine8  are  heated 
with  thiourea  S-thiopurines  are  formed.  Thus,  when  2-thio-4^ 
dianiino-6-oxypyTimidine  (IX)'  was  heated  with  thiourea  23-di- 
thio-6-oxypurine  (XII)  ^  resulted.  The  presence  of  the  methyl- 
mercapto  group  in  position  2  instead  of  the  sulphur  renders 
2-methylmercapto-4,5-diamino-6-oxypyrimidineIe8s  active  towards 
thiourea.  Instead  of  obtaining  the  expected  2-methylmercapto^ 
oxy-8-thiopurine  we  obtained  2-methylmercapto-6-oxy-8-ainino- 
purine  (VIII).  It  is  possible  that  traces  of  the  8-thiopurme  were 
also  formed  although  we  did  not  detect  any  of  this  compound. 
The  yield  of  the  8-aminopiuine  was  60  per  cent  of  the  calculated 
This  result  may  be  explained  by  assuming  that  the  thiourea  fonned 
guanidine  thiocyanate  which  then  reacted  with  the  diaminopyr- 
imidine.  This  view  was  confirmed  by  heating  the  diaminopyr- 
imidine  with  guanidine  thiocyanate  which  also  gave  2-methykna'- 
capto-6-oxy-8-aminopurine.  The  same  result  was  also  obtained 
by  using  ammonium  thiocyanate  instead  of  guanidine  thiocyanate. 

These  results  are  interesting  in  view  of  the  fact  that  the  writer 
has  attempted  to  obtain  8-aminopurines  by  heating  other  diamino- 
pyrimidines  with  salts  of  guanidine  but  without  success.  Even 
when  2-thio-4,5-diamino-6-oxypyrimidine  is  heated  with  guanidine 
thiocyanate  it  fails  to  give  an  8-aminopurine. 

When  2-methylmercapto-6-oxy-8-aminopurine  was  heated  with 
hydrochloric  acid  the  amino  group  was  removed  before  the  methyl- 
mercapto  group.    On  prolonged  heating  uric  acid  was  obtained. 

2-Alkylmercapto-6-oxyp3rrimidines  (X)'  react  readily  with  phos- 
phorus halides  to  form  6-chlor  derivatives  (XI).    We  intend  to 

•  W.  Traube:  Ann.  d.  Chem.  (Liebig),  cccxxxi,  p.  76,  1904. 

^  Johns  and  Hogan :  this  Journal^  xiv,  p.  299,  1913. 

»  Wheeler  and  Johnson:  Amer,  Chem.  Journ.,  xxix,  p.  496,  1903. 
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ixivestigate  the  action  of  phosphorus  halides  on  2-alkylmercapto- 
O-oxypurines.  Other  researches  on  alkyhnercapto  purines  are 
^so  in  progress. 
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EXPEBIMENTAL  PABT. 

^'Methylmercapto-4-^mino^'axypynmidine.* 

HN— CO 


CH,SC     CH 

II 


N — CNfii 

This  compound  was  previously  prepared  by  the  action  of  methyl 
iodide  on  the  sodium  salt  of  2-thio-4-amino-6-ox3rpyrimidine-  We 
find  that  dimethyl  sulphate  can  be  iised  instead  of  methyl  iodide. 
The  yield  is  greater,  the  reaction  requires  less  time  and  the  cost 
is  less.    The  methylation  was  performed  as  follows: 

Twenty.five  grams  of  pulverized  2.thio-4-ammo-6-oxypyrimid- 
ine  were  dissolved  in  100  cc.  of  a  10  per  cent  solution  of  potassium 
hydroxide,  care  being  taken  to  avoid  an  excess  of  the  alkali.   Twen- 
ty-five grants  of  technical  dimethyl  sulphate  were  then  added  in 
small  portions,  with  thorough  shaking  after  each  addition.    In 
some  cases  it  was  found  necessary  to  dilute  with  water  as  the  pre- 
cipitate which  resulted  became  too  thick  to  permit  thorough  mixing 
to  take  place.    After  the  mixture  had  stood  at  room  t^oipefature 
for  fifteen  minutes  it  gave  an  acid  reaction  and  the  precq>itate 
was  filtered  by  suction.    The  mercapto  pjrrimidine  thus  obtained 
was  removed  to  a  flask  while  still  moist,  200  cc.  of  95  per  c^t  alco- 
hol were  added  and  the  mixture  was  heated  to  the  boiling  point 
of  the  alcohol.    This  dissolved  most  of  the  precipitate.    The  flask 
was  then  cooled  and  allowed  to  stand  at  room  temperature  for  an 
hour.    On  filtering,  20  to  25  grams  of  pure  2-methylmercapto-4- 
amino-6-oxypyrimidine  were  obtained.    This  is  75  to  90  pw*  cent 
of  the  calculated  weight.    When  this  was  mixed  with  a  pure 
sample   of   2-methylmercapto-4-amino-6-ox3rpyrimidine  obtained 
by  alkylating  with  methyl  iodide  the  melting  point  of  the  mixture 
was  267°C.    This  is  the  melting  point  of  the  pure  substance. 

2'Methylmermpto-4-^mino^'nitroso^-oxypyrinudine. 

HN— CO 


CHiSC     C— NO 

II      II 
N— CNH, 


*  Johnson  and  Johns:  Amer,  Chem.  Journ,,  laadv,  p.  181»  1905. 
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Twenty  grams  of  2-methylmercapto-4-amino-6-oxypyrimidine 
^^ere  dissolved  in  350  cc.  of  water  containing  5.1  grams  of  sodium 
hydroxide.  A  solution  of  10  grams  of  sodium  nitrite  in  50  cc.  of 
^^ater  was  added.  The  mixture  was  then  acidified  by  the  grad- 
ual addition  of  17  grams  of  glacial  acetic  acid.  The  precipitate 
^^hich  formed  was  white  but  tinned  blue  in  a  short  time.  The 
mixture  was  allowed  to  remain  at  room  temperature  over  night 
after  which  the  precipitate  was  filtered  off,  washed  with  cold 
water  and  used,  without  drying,  for  the  preparation  of  2-methyl- 
iiiercapta4,5<Uamino-6.oxypyrimidine.  The  yield  of  the  nitroso 
derivative  was  almost  quantitative.  It  was  but  slightly  soluble  in 
hot  water  or  alcohol  and  was  not  soluble  in  benzene.  It  formed  a 
red  solution  in  alkalies  and  blue  in  acids.  A  portion  was  purified 
for  analysis  by  dissolving  it  in  anmionia  and  precipitating  with 
acetic  acid.  The  substance  did  not  melt  but  began  to  decompose 
at  about  255°C. 

Calculated  for  Found: 

,  C»H«0>N4S:  I  II 

X 30.10  29.76        30.16 

'  ^'MethylmercaptO'ifO'diaminchS'Oxypyrimidine. 

HN— CO 


CHiSC     CNH2 

II      II 
N— CNH, 

Fifty  cubic  centimeters  of  a  10  per  cent  solution  of  ammonium 
sulphide  were  placed  in  a  1-liter  flask  and  heated  on  the  steam 
bath.  The  moist  2-methylmercapto-4-amino-5-nitroso-6-oxy- 
pyrimidine  obtained  in  the  previous  experiment  was  added  grad- 
ually. Ammonium  sulphide  was  also  added  when  the  solution 
turned  red  as  this  indicated  that  the  nitroso  compound  was  present 
in  excess.  When  the  ammonium  sulphide  was  present  in  excess 
the  solution  was  yellow.  When  all  of  the  nitroso  compound  has 
been  reduced  the  addition  of  excess  of  ammonium  sulphide  should 
be  avoided  or  the  diamino  compound  obtained  will  be  higlily  col- 
ored. Sulphur  separated  after  the  reduction  had  proceeded  for 
a  few  minutes.  When  the  reduction  was  complete  the  mixture 
was  concentrated  by  boiling  in  a  casserole  over  a  free  flame  until 
the  separation  of  sulphur  ceased.    The  solution  was  then  filtered 
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rapidly  to  remove  the  sulphur.  The  filtrate  on  cocJing  gave  an 
almost  colorless^  crystalline  precipitate.  A  second  crop  was  ob- 
tained by  concentrating  the  mother  liquor  cm  the  steam  batL 
The  diaminopyrimidine  was  dried  at  30-40^.  Drying  al  hi^ 
temperatures  causes  it  to  become  black.  When  the  reduction  was 
carried  out  carefully  the  diamino  derivative  was  almost  pure. 
It  began  to  shrink  at  about  198^C.  and  melted  with  decon4K)6i- 
tion  at  211^C.  It  was  eaaly  soluble  in  hot  and  appredaUy  sdo- 
ble  in  cold  water  and  moderately  soluble  in  hot  alcohd  but  was 
not  soluble  in  boiling  benzene.  The  yield  based  on  the  2-methyI- 
mercapto-4-cunino-6-oxypyrimidine  used  was  over  90  per  cent  of 
the  calculated. 

Otlealated  f or 
OHgONiS:  Foond: 

X 32.53  32  13 

B-MethylmercapUhOyS-dioxypurine. 

HN— <X) 

I       I 
CHjSC     C— NH 

II I  > 

N— C— NH 

Five  grams  of  urea  and  an  equal  weight  of  2-^nethylmercapto- 
4,5-diamino-6-oxypyrimidine  were  intimately  mixed  by  pulver- 
izing together  in  a  mortar.  This  mixture  was  heated  in  an  oil 
bath  at  IGS^'C.  for  fifteen  minutes  and  then  at  ITO-ISO'^C.  untU  a 
hard  cake  had  formed,  about  one  hour  in  all.  The  reaction  pro- 
duct was  crushed  and  dissolved  in  hot  dilute  sodium  hydroxide  and 
the  solution  was  clarified  with  blood  coal.  The  purine  was  jh«- 
cipitated  from  the  hot  solution  by  acidif3ang  with  dilute  hydro- 
chloric acid.  The  yield  was  3.5  grams  or  60  per  cent  of  the  cal- 
culated weight.  The  purine  was  obtained  in  a  finely  divided, 
granular  form.  One  part  by  weight  required  a  little  more  than 
100  parts  of  boiling  water  to  effect  solution.  It  was  aknost  in- 
soluble in  alcohol,  benzene,  or  glacial  acetic  acid.  It  did  not  dis- 
solve readily  in  anunonia  but  was  easily  soluble  in  dilute  sodium 
hydroxide.  It  dissolved  with  effervescence  in  concentrated  nitric 
acid  and  gave  the  murexide  reaction.  It  did  not  decompose  at 
320**C. 
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OalcuUted  for 
CiHtO>N4S:  Found: 

N 28.28  28.17 

Conversion   oj  ^-Tnethylmercapto-GjS'dioxypurine    to   uric   acid. 

One  gram  of  2-methylmercapto-6,8-dioxypurine  was  boiled  with 
150  cc.  of  20  per  cent  hydrochloric  acid  under  a  return  condenser 
for  twenty  hours.  At  first  complete  solution  of  the  mercapto  pur- 
ine took  place  but  after  boiling  for  several  hours  uric  acid  began  to 
precipitate.  The  reaction  mixture  was  evaporated  to  dryness  and 
the  residue  was  dissolved  in  dilute  sodium  hydroxide,  the  solution 
filtered  and  acidified  with  hydrochloric  acid  whereupon  uric  acid 
precipitated. 

Calculated  for  Found: 

C»H40sN4:  I  II 

N 33.33  33.37       33.36 

^"MetiiylmercapUhG'Oxy'S'aminopurine. 
HN— CO 


CHaSC     C— NH 

I 


^CNHj 

N— C— N 

This  purine  was  obtained  by  heating  one  part  by  weight  of 
2-methylmercapto-4,6-diamino-6-oxypyrimidine  with  an  equal 
weight  of  either  thiourea  or  ammonium  thiocyanate  but  was  best 
prepared  as  follows: 

Five  grains  of  the  mercaptodiaminopjrrimidine  and  5  grams  of 
guanidine  thiocyanate  were  pulverized  together  and  the  mixture 
was  heated  at  180^C.  in  an  oil  bath  for  two  hours.  During  the 
heating  the  mixture  melted  partly,  foaming  ensued  and,  finally,  a 
hard  crust  was  formed.  The  reaction  product  was  treated  with 
cold  water  to  remove  an  excess  of  guanidine  thiocyanate,  the  resi- 
due was  dissolved  in  dilute  sodium  hydroxide  and  the  solution 
was  clarified  with  blood  coal.  On  acidifying  the  hot  solution  with 
acetic  acid  the  purine  was  obtained  as  a  fine  powder.  The  yield 
was  60  per  cent  of  the  calculated.  The  substance  did  not  decom- 
pose at  320**C.  It  dissolved  in  about  300  parts  of  boiling  water. 
It  was  slightly  soluble  in  hot  alcohol  or  glacial  acetic  acid  and  insol- 
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uble  in  benzene.  It  did  not  c 
It  gave  a  brilliant  murexide  rei 
chloric  acid  the  amino  group  was 
group.  Boiling  with  10  per  ceni 
either  the  amino  group  or  mere: 


When  the  above  mercaptoaa 
hours  with  20  per  cent  hydroch 
Analyses  on  different  samples  n 


ON   THE  EXCRETION  OF  NITROGEN  STTBSEQUENT  TO 
LIGATION  OF  SUCCESSIVE  BRANCHES 
OF  THE  RENAL  ARTERIES. 

Bt  J.  D.  PILCHER. 

{Front  the  Pharmacologicdl  Laboratory,  Western  Reserve  University  Medical 

School.) 

(Received  for  publication,  March  22, 1913.) 

MacNider^  has  shown  that  ligation  of  the  posterior  branch  of 

the  renal  artery  leads  to  necrosis  of  practically  the  posterior  third 

of  the  kidney.    This  is  followed  by  partial  regeneration  of  the 

renal  epithelium  and  glomeruli,  reaching  its  height  about  the 

twenty-sixth  to  the  thirtieth  day;  subsequently  atrophy  of  the 

new  tissue  follows  as  a  result  of  fibrosis  of  the  stroma.    Further, 

a  collateral  circulation  develops  in  the  area  supplied  by  the  ligated 

branch,  first  in  the  medulla,  tl^en  at  the  cortex-medullary  boundary 

zone  and  finally  the  cortex,  usually  in  the  form  of  vascular  streaks. 

This  collateral  circulation  takes  place  between  the  arteriolae  rectae 

and  pseudo-arteriolae  rectae  of  the  ligated  and  unligated  vessels. 

Normally  the  pelvis  and  a  portion  of  the  renal  papillae  receive  a 

partial  blood  supply  through  vessels  entering  the  kidney  with 

the  ureter;  there  is  a  further  anastomosis  between  the  vessels  of 

the  capsule  of  the  kidney  and  the  recurrent  suprarenal  and  phrenic 

arteries. 

The  following  description  is  a  report  of  two  observations  made 
as  an  attempt  to  determine  whether  there  are  any  changes  in  the 
total  nitrogen  excretion  incident  to  the  renal  changes.  The  eflFect  of 
excision  of  various  segments  of  the  kidney  has  been  studied  by  sev- 
eral observers,  notably,  Bradford,^  Bainbridge  and  Beddard*  and 
Pearce.*    All  agree  that  removal  of  three-fourths  of  the  total 

*  W.  de  B.  MacNider:  Joum,  of  Med,  Res.,  xxiv,  p.  425,  1911. 

*  J.  R.  Bradford:  Joum,  of  Physiol,,  xxiii,  p.  416,  1898-9. 

*  F.  A.  Bainbridge  and  A.  P.  Beddard:  Proc,  Roy.  Soc,  Ixxix,  p.  75, 1907. 

*  R.  M.  Pearce:  Joum,  of  Exp,  Med.,  x,  p.  632,  1908. 
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kidney  substance  results  in  d 
animals  Bradford  found  an 
urea).  This  observation  was 
tors,  who  were,  therefore,  una 
tion  that  the  kidney  has  an  in 
but  attributed  the  increased  i 
The  present  method,  by  mini 
tors,  offered  a  better  chance 
part  of  the  kidney  out  of  fund 
Methods,  The  observations 
both  full^rown.  The  cat  wai 
nary  dog  biacuit,  the  nitrogei 
by  the  Kjeldahl  method.  T1 
metalx>lism  cages.  The  urim 
and  two  or  three  times  week 
before  operations.  The  urines 
acid  when  kept  longer  than  t 
ii^  the  nitrogen  excretion  foi 
the  cat,  three  to  five  with  the  ( 
arteries  were  ligated  under  an 

higaiio 

December  $$,  ISOff.    Pirat  opera 

January  It,  1910.  Second  Ope 
out  the  upper  branch  of  the  right  i 

January  SB,  1910.  Third  operai 
the  left  renal  artery,  aa  the  remai 
lowing  this  operation  the  cat  ten 
but  A  fraction  of  ita  usual  food,  w 
no  aepsis).    Observatiooa  were  dii 

Ftbruary  9,  1911.  Fourth  opei 
left  renal  artery  and  thirteen  moni 
period  the  cat  increased  in  weighl 
and  cut  the  lower  branch  of  the  rig 
four  houra,  after  severe  nausea,  vt 
temperature.  At  autop«y  no  peri 
atrophied  (the  artery  was  ligated 

*  The  dog  was  etherized ;  the  ci 
lowJDg  solution  ptT  rectum  (supp 
0.02  grun;  morphine  sulphate,  1.1 
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adherent  to  the  abdominal  wall,  but  the  capsule  was  very  easily  stripped 
the  cortex;  it  was  practically  normal  in  size,  with  the  upper  pole  some- 
smaller  than  the  lower  (the  upper  renal  branch  had  been  ligated  thir- 
months  previously). 

Ligaiiona  on  the  dog, 

^pril  17,  1910,  First  operation:  ligated  lower  branch  of  the  left  renal 
artrery.  Following  the  operation  there  was  a  local  infection  and  consider- 
able prostration.    Recovery  was  complete  in  five  or  six  weeks. 

m/une  t4t  1910,  Second  operation,  seventy  days  later:  ligated  one 
branch  of  right  renal  artery;  this  operation  was  also  followed  by  consider- 
able prostration,  without  infection,  and  observations  were  discontinued. 

December  6,  1910,  Third  operation,  seven  months  after  the  first  and 
five  months  after  the  second:  ligated  upper  branch  of  left  kidney.  Follow- 
ing the  operation  there  was  severe  prostration  similar  to  the  cat,  as 
described  above;  death  in  forty-eight  hours.  At  autopsy  there  was  no 
peritonitis;  the  right  kidney  was  atrophied  but  there  was  one  small  patent 
arterial  branch  running  to  it;  the  left  kidney  was  normal  in  size  but  the 
lower  pole  was  somewhat  smaller  than  the  upper. 

Table  of  ligations  and  N  intake  and  otUput  (in  urine). 


LJO ATION  or  BKAMC9B8  OF 
RXNAL  ARTEBIBS 


TOTAL  KIDNBT 

SUBSTANCB 
WITH  NORMAL 
BLOOD  SUPPLY 


TOTAL  N 


Intake 
ffTiun$ 


Output 

QTOtfU 


Retention 
ptreeni 


Dog, 


Left  lower  branch. . 
Entire  right  artery. 


4/4 
3/4 
1/4 


4.46 

3.77 

4.46 

3.75 

4.46 

3.25 

15.4 
15.0 
27.1 


Cat. 


Lieft  branch 

Right  branch 

Entire  left  artery. 


4/4 
3/4 

1/2 
1/4 


The  nitrogen  excretion  in  the  cat.  The  average  daily  excretion 
was  determined  during  the  dififerent  periods  of  observation,  each 
of  fourteen  days'  duration.  As  is  shown  by  the  accompanying 
table  the  excretion  remained  practically  unchanged  after  the  first 
ligation,  the  daily  output  exceeding  the  intake  by  0.04  gram. 
Subsequent  to  the  second  ligation,  that  is,  with  one  branch  of  each 
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renal  artery  ligated,  the  second  e: 
per  cent)  less  than  the  intake.  ( 
ligated,  leaving  the  kidney  tissue 
of  four)  arterial  branch.  As  wa 
severe  prostration  and  anorexia, 
grams)  exceeding  the  intake  (1.58 
per  cent.  The  severe  prostratioi 
gen  excretion  corresponds  quite 
others,  mentioned  above,  on  remc 
kidney  substance.  However,  in  1 
feet  recovery  after  a  few  weeks, 
one  entire  renal  artery  and  one 
not  destroy  the  function  of  quite 
substance;  or  there  may  have  be 
circulation  from  the  capsule  or  b 
ligated  and  unligated  branches, 
complete  loss  of  function  of  tb( 
branch.  With  the  establisbmei 
there  may  have  been  regeneration 
immediately  subsequent  to  the 
twelve  days,  one  year  later,  the 
equilibrium,  the  daily  intake  ex 
gram.  Inasmuch  as  death  ensue 
four  hours)  on  ligation  of  the  h 
follows  that,  in  this  case,  occlusit 
tery  does  not  result  in  sufficient  c< 
suie  to  preserve  the  function  of 
one  year,  it  is  unable  to  preserve 
renal  artery  is  then  ligated. 

Tke  nitrogen  eotcreiion  inthedoi 
constant  throughout  the  periods  c 
There  was  a  deep-seated  infectio 
erable  pTostration  after  the  secoi 
were  not  made  until  the  d(^  n 

One  month  after  the  first  ligation  the  dog  was  in  normal  condi- 
tion and  during  a  period  of  thirty-five  d&yB,  excreted  the  same 
daily  quantity  of  nitrogen  (3.75  gram8)aB  before  operation.    Din^ 

*  At  this  period  probably  one  entire  artery  &nd  one  branch  of  the  oppo- 
site artery  had  been  ligated. 
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ing  tliis  period  there  was  a  3.5  per  cent  gain  in  weight  as  against 
a  pre-operative  gain  of  1.7  per  cent.    The  next  observations  were 
made  during  a  period  of  thirty-seven  days,  four  months  after  the 
second  operation,  at  a  time  when  one  kidney  had  practically 
atropliied  and  one  branch  of  the  opposite  side  had  been  ligated 
for  about  seven  months;  the  average  daily  nitrogen  excretion  fell 
13  i>er  cent  below  the  normal  excretion.    During  this  period  (37 
days)  the  dog  lost  about  3.5  per  cent  in  weight.    With  consider- 
ably less  than  one-half  of  the  normal  kidney  substance  function- 
ating the  dog  was  apparently  in  perfect  condition  and  able  to 
excrete  approximately  (13  per  cent  less)  the  normal  quantity  of 
nitrog^i;  perhaps  there  was  some  deficiency  in  nitrogen  excre- 
tion since  there  was  a  retention  with  a  loss  in  weight. 

Inasmuch  as  the  dog  died  within  forty-eight  hours  after  liga- 
tion of  the  last  renal  arterial  branch,  and  without  sepsis,  it  can 
be  deduced  that,  during  the  seven  months'  interval  between  the 
ligation  of  the  two  branches,  as  in  the  cat,  there  was  not  formation 
of  sufficient  collateral  circulation  from  the  capsule  to  preserve  the 
function  of  the  ligated  areas. 

The  profound  prostration  following  the  second  ligation  was  im- 
doubtedly  due  to  removing  the  function  of  the  entire  kidney  for 
this  kidney  was  atrophied  at  autopsy,  so  that  practically  but  one- 
foxirth  of  the  entire  kidney  substance  was  functionating  at  this 
time  (as  one  branch  of  the  opposite  side  had  previously  been 
Hgated).  This  prostration  was  probably  accompanied  by  a 
marked  temporary  nitrogen  excretion,  as  was  noted  in  the  cat 
under  similar  conditions  and  observed  by  others  when  three- 
fourths  of  the  kidney  substance  was  removed  at  one  time. 

The  daily  nitrogen  excretion  in  the  cat  immediately  following  the 
ligation.  Subsequent  to  the  first  two  ligations  the  output  was 
either  normal  (after  the  first)  or  somewhat  below  normal  for  a 
day  or  two;  then  for  a  period  of  four  or  five  days  the  output  was 
increased  to  13  per  cent  (first  operation)  and  11  per  cent  (second 
operation)  above  the  intake;  in  each  case  during  the  eight  days 
until  the  next  operation  the  output  fell  slightly  below  the  intake. 
•  Following  the  third  ligation  (one  entire  artery)  the  excretion  was 
increasingly  greater  than  the  intake  during  the  observation  period 
of  fourteen  days,  when  the  animal  lost  weight  and  the  nitrogen 
intake  was  below  normal. 


394       Nitrogen  Excretion  : 

Studying  the  influence  of  ether 
nitrogen  in  dogs,  Hawk'  reports  i 
lowing  the  anesthesia  which  may 
results  in  the  cat  agree  with  Ha 
teminrary  increased  nitn^en  exc 
be  attributed  to  the  anesthetic  in 

The  quantity  of  urine.  With  tfc 
stance  removed,  Bradford's  dogs 
of  urine  much  above  the  normi 
Bainbridge  and  Beddard  were  ui 
port  the  usual  quantity  and  speci 
in  this  series  agree  with  those  o: 
excreted  practically  the  same  vc 
100-150  cc.  daily;  no  observation 
urine  were  made  until  after  the  s 
tity  remained  constant  (75  cc.) 
is  not  an  abnormally  large  quai 
grams).  At  times  immediately  i 
take  and  output  were  increased  ii 

Just  before  the  final  operation 
free  from  albumen  and  casts  of  ai 

Partial  nephrectomy  in  dogs  1 
by  considerable  rise  in  blood  pr( 
increased  pressure  probably  woul 
pertrophy.  ,  In  this  work  no  b! 
attempted;  however,  it  might  N 
of  kidney  substance  would  result 
cardiac  hypertrophy.  Such  hyj 
cat.  Joseph*  gives  the  ratio  of 
weight  in  26  cats  as  0.45  per  c< 
average  in  20  cats  gave  0.40  per  i 
discussion  was  0.44  per  cent.  T 
goitre  so  that  similar  observatio; 
the  ratio  was  markedly  increased 
0.743  per  cent  reported  by  Josep 


'  F.  B.  Hawk;  this  Jtmmal,  iv,  p. 
•T.  C.  Jonewaj:  Soc.  of  Exp.  Bioi 
■  D.  R.  Joseph:  Joum.  of  Erp.  Mti 
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CONCLUSIONS. 

Hagation  of  one  of  the  branches  of  both  renal  arteries,  i.e., 
approximately  half  of  the  blood  supply,  does  not  cause  any  notice- 
stble  disturbance  in  renal  function.  The  urine  and  the  nitrogen 
excretion  remain  practically  normal,  with  a  slight  tendency  to 
Tiitrogen  retention,  which  is  probably  not  accidental. 

Successive  complete  ligation  of  one  renal  artery  and  one  branch 

of  the  other  (i.e.,  shutting  oif  three-fomrths  of  the  arterial  supply) 

results  in  marked  temporcuy  prostration,  anorexia,  and  loss  of 

iweight,  with  nitrogen  output  much  greater  than  the  intake.    The 

animala  recover  gradually  to  a  condition  similar  to  that  when  but 

one-half  of  the  arterial  supply  was  ligated.    On  the  assimiption 

(justified  by  MacNider's  histological  data)  that  the  ligated  areas 

took  no  part  in  urine  formation,  the  remaining  one-fourth  of  the 

kidney  was  able  to  secrete  the  mine  almost  as  effectively  as  the 

entire  kidney  area. 

Occlusion  of  one  branch  of  the  renal  artery  does  not  result  in 
sufficient  collateral  circulation  from  the  capsule  to  preserve  the 
f miction  of  the  Jfeflited  area;  so  that  even  after  twelve  months  it 
is  unable  to  preserve  life  if  the  renal  artery  is  then  ligated. 

With  but  one-fourth  of  the  kidney  substance  functioning  the 
quantity  of  lu'me  was  practically  normal;  the  lu'me  contained  no 
albumen  or  casts;  cardiac  hypertrophy  did  not  occiu*. 

I  take  pleasure  in  acknowledging  my  indebtedness  to  Professor 
SoUmann  for  his  aid  during  this  work. 


ON  THE  IODINE  AND  PHOSPHORUS  CONTENTS,  SIZE 
AND  PHYSIOLOGICAL  ACTIVITY  OF  THE  FETAL 

THYROID  GLAND. 

By  FREDERIC  FENGER. 

{From  the  Research  Laboratory  in  Organotherapeutica  of  Armour  and 

Company,  Chicago,  Illinois,) 

•fReceived  for  publication,  March  31,  1913.) 

In  two  previous  communications^  it  was  shown  that  fetal  thyroid 
tissue  possesses  a  strong  selective  affinity  for  iodine,  that  the  glands 
of  beef  fetuses  contain  an  appreciable  amount  of  iodine  as  early  as 
the  third  month  of  intra-uterine  life,  or  approximately  six  months 
before  maturity,  and  that  the  iodine  content  increases  propor- 
tionately with  the  age  of  the  fetus.  It  has  also  been  conclusively 
demonstrated  that  the  presence  of  active  principle  in  a  gland  is 
an  indication  of  its  relative  physiologic  activity  and  that  conse- 
quently the  fetal  thyroid  is  functionally  active  long  before  maturity 
of  the  fetus.  No  further  definite  conclusions  could  be  drawn  at 
that  time  because  of  the  lack  of  raw  material.  During  the  past 
year  at  various  seasons  the  glands  from  705  beef  fetuses  six  to 
nine  months  old  have  been  secured  and  analyzed  within  a  short 
time  after  collection  and  the  results  of  the  determinations  are  given 
in  the  accompanying  tabulation. 

It  is  generally  assumed  that  the  thyroid  of  the  human  fetus  is 
functionally  active  at  the  end  of  the  sixth  month  of  intra-uterine 
life,*  although  previous  investigators  have  been  unable  to  find 
iodine  in  the  gland  whether  of  human  or  animal  origin  at  this 
early  stage  in  sufficient  quantities  to  support  these  clinical  obser- 
vations. This  in  turn  has  led  to  the  erroneous  statement  found 
in  text-books  on  physiological  chemistry  that  the  thyroid  glands 
of  new-bom  animals  do  not  contain  iodine.  The  material  available 
from  normally  healthy  human  fetuses  is,  of  course,  very  limited 
and  since  the  time  of  gestation  for  cattle  is  nine  and  one-half 

» This  Journal,  xi,  p.  489,  1912;  xii,  p.  55,  1912. 
»  I.  Ott:  Textbook  of  Physiology,  1900,  p.  403. 
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months,  or  approximat 
decided  to  use  for  thi 
animals  ranging  in  ag( 
few  weeks  before  delivt 

If  the  gland  is  active 
I>eriod  before  birth,  w 
amounts  and  proportic 
after  birth  simply  becai 
of  the  thyroid  would  u 
accept  any  theory  of  a 
with  iodine,  whether  in 

In  collecting  the  xtu 
The  throat  of  the  fetu! 
adherent  thyroid  remo^ 
and  the  isthmus,  was  si 
tive  and  other  tissue, 
absorbent  cloth.  The 
the  figures  ^ven  in  tb« 
total  weight  of  the  enti 

The  term  goitrous  gl: 
.  adult  thyroids  weighii 
portionately  large  fetal 
The  analytical  data  o 
made  in  the  course  o 
some  light  on  several 
it  occurs  in  the  United 

It  was  found  that  < 
mously  in  size  and  mat 
to  use  the  difference  in  < 
were  divided  into  two  i 
less  than  20  grams  wf 
rately,  while  those  wei 
large.  Wherever  posa 
according  to  sex. 

After  weighing  and  s 
desiccated  at  a  tempera 
in  shallow  porcelain  di: 
leum  ether  in  a  Soxh 
rangii^  in  color  from 
responding  to  the  diffe 
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dered  in  a  porcelain  mortar  to  pass  a  forty-mesh  sieve  and  the 
various  determinations  made  in  duplicate  on  this  material. 

For  comparative  purposes  the  iodine  and  phosphorus  contents 
of  desiccated  thyroid  glands  from  adult  animals  are  given  in  the 
tabulation.  Each  sample  represents  several  himdred  animals  and 
was  collected  during  the  same  period  as  the  corresponding  lots  of 
fetal  glands.  They  give,  therefore,  a  fair  idea  of  the  average 
thyroid  activity  of  the  species  at  the  various  seasons.  It  was 
noticed  that  fresh  beef  thyroids,  containing  0.30  per  cent  or  more 
of  iodine  on  the  dry  fat-free  basis,  both  from  fetuses  and  adult 
animals,  possessed  a  peculiar,  pungent,  garlic-like  odor  resembling 
both  that  of  phosphine  and  of  phosphorus  while  undergoing  oxida- 
tion. The  odor  was  especially  pronounced  when  the  glands  were 
cut  open,  while  they  still  retained  the  animal  heat,  and  disappeared 
gradually  upon  chilling  and  completely  during  the  desiccation 
process.  It  was  never  observed  in  goitrous  or  normal  glahds  low 
in  iodine.  In  no  instance,  however,  could  phosphorescence  be 
detected  in  the  raw  gland,  although  carefully  watched  for.  Tfie 
usual  preliminary  and  identification  tests  for  free  phosphorus,  free 
iodine  and  hydrogen  sulphide  were  all  negative.  It  was,  there- 
fore, concluded  that  the  substance  causing  the  odor,  if  an  iodine- 
phosphorus  compoimd,  must  be  an  organic  complex.  That  it  is 
associated  with  or  entirely  dependent  upon  the  quantity  of  iodine 
in  thyroid  combination  is,  however,  very  apparent.  When  the 
percentage  of  iodine  is  high  the  reaction  evidently  is  carried  on 
in  the  gland  proper  some  time  after  the  blood  stream  ce&ses  to 
circulate  the  secretions  and  the  accumulation  becomes  sufficient 
to  produce  the  characteristic  odor  when  the  tissue  is  exposed.  A 
similar  garlic-like  odor  was  noticed  in  a  certain  lot  of  fresh  sheep 
thyroids  which  afterwards  proved  to  contain  0.53  per  cent  of  iodine 
on  the  dry  basis,  an  exceptionally  high  amount  for  American  sheep 
glands. 

In  attempting  to  reach  somewhat  more  definite  conclusions  con- 
cerning the  relationship  between  the  phosphorus  and  iodine  con- 
tents of  the  thyroid,  total  phosphoric  acid  determinations  w6re 
made  on  the  desiccated,  fat-free  glands  according  to  the  official 
volumetric  method'  in  addition  to  the  iodine  which  was  estimated 
by  the  Hunter  method.^ 

*  Bulletin  107  (Revised),  Bureau  of  Chemistry,  1908. 
-^  A.  Hunter:  this  Journal,  vii,  p.  321,  1910. 
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The  total  average  weight  of  the 
with  a  maximum  of  19.8  grams 
The  large  glands  show  an  averaj 
194.0  grams  and  a  mitiimnm  of 
weight  of  the  adult  ths^^iids  is  on 

Before  discussing  the  tabulated 
observations  in  regard  to  age,  siz* 
fetuses  and  adult  animals  should  ! 

The  fetuses,  when  collected  for 
from  the  supply  at  hand  at  differe 
fetuses  predominate  while  in  othe 
the  majority.  It  was,  however, 
they  came  along  without  any  f 
already  described. 

As  stated  above,  the  range  of  bj 
nine  months  and  this  naturally  ex 
the  size  of  the  fetuses.  The  sevi 
materially.  The  weights  of  all  t 
recorded  when  the  thyroid  glands 
lack  of  facilities,  but  it  was  noticed 
glands,  although  otherwise  appaj 
riably  were  smaller  than  the  feti 
feature  was  very  striking.  The  St 
weighed  from  20  to  100  pounds. 

The  possible  influence  of  castra 
the  ths^^id  glands  is,  of  course,  e 
concerned,  whereas  a  large  percer 
for  comparison  have  been  subject* 

By  comparing  the  figures  in  the 
the  amounts  of  iodine  in  the  norm 
fewer  numbers  and  considerable  i 
much  more  uniform  throughout  tl 

thyroids  from  full^own  anirrmls  ana  n  seems  apparent  uiu  uk 
seasonal  change  in  iodine  content,  which  is  so  evid^it  in  the 
healthy  glands  from  mature  animals,*  is  not  pronounced  in  the 
normal  fetal  thyroid. 

Normal  fetal  glands  are  relatively  larger  and  contain  more  iodiiK 
and  phosphorus  per  unit  of  body  weight  than  thyroids  from  fully 

'  Sei<iell  and  Fenger:  tiiis  Journal,  idii,  p.  517,  1913. 
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m&ture  animals.  As  would  be  expected  the  male  glands  are  some- 
"wliAt  larger  than  the  female  thyroids,  the  average  weight  being 
9.9  grams  for  the  male  and  9.3  grams  for  the  female,  but  it  should 
also  be  noted  that  the  smaller  female  glands  contain  a  higher 
piercentage  of  iodine  than  the  male  glands.  As  proportions  and 
sizes  of  these  glands  correspond  fairly  well  with  the  differences  in 
lx>dy  weight  of  the  two  sexes,  the  suggestion  presents  itself  that 
the  female  metabolism  requires  more  thyroid  activity  according  to 
loody  weight  than  the  male  diuing  the  fetal  stage  as  well  as  in 
the  animal  after  birth. 

A  most  striking  feature  of  the  tabulated  results  is  the  high 
I>ercentage  of  abnormally  large  fetal  glands.    This  enlargement 
affecting  both  lobes  and  the  isthmus  is  quite  pronounced  at  the 
third  or  fourth  month  of  intra-uterine  life,  increasing  proportion- 
ately with  the  growth  of  the  fetus.    It  is,  therefore,  very  evident 
that  a  large  percentage  of  these  animals  pass  through  the  fetal 
stage  of  life  with  exceptionally  large  glands  low  in  iodine  content. 
It  is  generally  understpod  that  a  certain  number  of  goitrous 
glands  prevail  throughout  the  year  in  fully  mature  cattle,  but 
observations  indicate  that  climatic  conditions,  at  least  in  the 
United  States,  exert  a  decided  influence  on  the  growth  and  that 
the  enlargement  affects  a  considerably  higher  number  of  adult 
animals  during  the  winter  and  spring,  than  in  siunmer  and  fall. 
The  goitrous  glands  from  full-grown  cattle,  which  have  come  under 
observation  during  the  last  eighteen  months,  ranged  in  weight  from 
150  to  400  grams  with  average  iodine  and  phosphorus  contents 
of  0.016  per  cent  and  0.85  per  cent  respectively.    These  glands 
were  all  obtained  in  the  winter  and  spring  months  and  although 
beef  thyroids  in  niunbers  of  from  25  to  100  were  collected  twice 
a  week  during  all  this  period  of  eighteen  months,  no  goitrous 
glands  were  encountered  in  the  smnmer  and  fall  seasons.    The 
percentage  of  goitrous  glands  in  grown  animals  even  during  the 
cold  season  does  not  begin  to  compare  with  the  proportion  of 
enlarged  glands  found  in  the  fetuses. 

It  should  be  stated  here  that  the  possibility  is  not  entirely 
eliminated  that  the  pregnant  animals  whose  fetuses  show  enlarged 
glands  all  come  from  goitrous  regions  of  the  country,  but  if  that 
holds  true  we  natutally  should  expect  to  find  a  similar  high  per- 
centage of  goitrous  glands  in  the  general  run  of  adult  animals,  and 
this  is  certainly  not  the  case. 
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It  has  not  been  definitely  determined  or  verified  wbeth«-  the 
enlargement  of  the  thyroid  gland,  which  affects  so  many  of  the 
fetuses,  disappears  rapidly  after  birth  or  persists  for  some  time 
in  the  young  animals.  At  present,  however,  observations  indicate 
that,  next  to  the  fetuses,  large  glands  are  most  frequently  met 
with  in  sucklings  and  that  there  is  a  gradual  decrease  in  the  per- 
centage of  affected  glands  as  the  animals  mature. 

The  fact  that  so  many  fetal  glands  are  disproportionately  en- 
larged, while  the  adult  glands  remain  undisturbed,  makes  it  very 
difficult  to  explain  the  fetal  enlargement  simply  as  a  goitrous 
infection  resulting  from  the  ingestion  of  toxic  food  or  water  by 
the  pregnant  animal.    At  the  same  time  the  general  appearance 
of  these  large  fetal  glands  and  their  low  iodine  and  high  phos- 
phorus contents  coincide  so  closely  with  the  corresponding  features 
of  goitrous  glands  from  mature  animals  that  the  resemblance  is 
very  striking.    This  discrepancy  may  be  explained  by  concluding 
that  the  demand  for  iodine  in  the  rapid  fetal  metabolism  and 
growth,  in  certain  instances,  may  exceed  the  available  supply  fur- 
nished by  the  pregnant  animal.    This  supply  may  be  sufficiait  for 
the  maintenance  of  the  maternal  metabolism  leaving  the  adult 
thyroid  normal,  but  not  sufficient  to  prevent  iodine  starvation  and 
enlargement  of  the  fetal  gland. 

Another  factor  of  considerable  importance,  shown  by  the  tabu- 
lated data,  is  the  relative  proportion  of  iodine  to  that  of  phos- 
phorus in  the  various  glands.  In  spite  of  the  size  the  enlarge 
glands  contain  less  total  iodine  and  much  more  total  phosphorus 
than  the  normal  thyroids.  This  peculiar  condition  holds  true  in 
case  of  fetal  as  well  as  adult  glands,  and  is  not  specific  to  bed 
thyroids  only,  as  it  has  been  identified,  for  instance,  in  all  goitrous 
hog  and  sheep  thyroids  which  have  so  far  come  under  observation. 
Since  accumulation  of  organic  phosphates  does  not  occiu*  in  normal 
glands  of  average  iodine  content,  the  idea  readily  suggests  itself 
that  iodine  in  thyroid  combination  may  be  a  factor  of  vital  impor- 
tance in  the  phosphorus  metabolism  of  the  body. 

It  may  be  mentioned  that  the  work  of  collecting  this  raw  mate- 
rial is  time-consuming  and  often  connected  with  considerable  difli- 
culties,  as  the  fetuses  are  not  plentiful  the  year  roimd  and  are 
almost  unobtainable  at  certain  seasons.  It  is  furthermore  imposa- 
ble  to  obtain  systematic  information  concerning  the  sources  and 
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localities  from  which  the  various  animals  are  derived,  thus  further 
masking  the  evidence  and  making  it  more  diflScult  to  collate  the 
real  facts  into  a  conclusive  whole. 

SUMMARY. 

It  has  been  demonstrated  conclusively  that  functional  thera- 
I>eutic  activity  and  presence  of  iodine  coincide  in  the  fetal  thyroid 
during  intra-uterine  life  in  analogy  with  the  conditions  existing 
during  extra-uterine  life. 

The  iodine  content  of  the  normal-sized  fetal  thyroid  glands 
during  the  last  three  months  of  intra-uterine  life  seems  to  be 
fairly  uniform  throughout  the  various  seasons. 

Normal  fetal  glands  are  relatively  larger  and  contain  more  iodine 
and  phosphorus  per  unit  of  body  weight  than  thyroids  from  fully 
mature  animals. 

The  normal  female  fetal  thyroid  glands  show  a  higher  content 
of  iodine  and  seem,  therefore,  to  possess  greater  functional  activity 
than  the  male  fetal  glands. 

Fetuses  possessing  enlarged  thyroid  glands  on  the  whole  were 
considerably  smaller  than  average  fetuses  of  the  same  age  with 
normal  thyroids. 

The  enlargement  of  fetal  thyroids  exceedfe,  both  in  frequency 
and  size,  the  number  of  goitrous-affected  glands  of  fully  mature 
animals  and  is  apparently  the  consequence  of  insufficient  supply 
or  faulty  assimilation  of  iodine  on  the  part  of  the  pregnant  animal. 

Enlarged  glands  in  general,  both  fetal  and  adult,  contain  less 
total  iodine  and  much  more  total  phosphorus  than  normal  thyroids. 
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It  has  long  been  the  opinion  of  the  physiological  chemist  that 
the  higher  animal  organism  was  dependent  upon  the  amino-acids 
for  the  maintenance  of  protein  anabolism.  That  plants  of  all 
orders,  from  the  lowest  to  the  highest,  are  able  to  synthesize  pro- 
tein from  the  salts  of  ammonium  is,  of  course,  fully  established. 
For  the  animal  organism,  however,  the  prevailing  opinion  seemed 
conclusively  established  to  the  effect  that  the  buildingnstones  of 
protein  could  not  be  synthesized  from  ammonia  and  fatty  acids. 
Fonpulated  in  chemical  terms,  the  animal  organism  was  not  held 
to  possess  the  power  of  effecting  the  replacement  of  one  hydrogen 
attached  to  the  a-carbon  of  a  fatty  acid  by  an  NH2  radical  to 
form  an  a-amino-acid. 

Ammonium  introduced  into  the  body  from  without,  formed 
within  the  tissues  through  reactions  of  metabolism,  or  formed 
within  the  intestinal  tract  by  the  action  of  bacteria,  was  held  to 
be  converted  into  urea  or  eliminated  as  such.  It  was  not  held 
to  be  converted  into  amino-acids. 

Recently  published  experiments  by  Knoop,^  Embden*  and  their 
confreres  have  brought  evidence  to  the  effect  that  the  animal  body 
does  possess  the  power  of  converting  aliphatic  and  aromatic  a- 
ketonic  acids  into  amino-acids.    This  has  led  Grafe  and  Schlapfer* 

*  Knoop:  Zeitschr.  /.  physiol.  Chem.,  Ixvii,  p.  489,  1910. 

'Embden:  Biochem,  Zeitschr.,  xxix,  p.  423,  1910. 

'Grafe  and  Schlapfer:  Uber  Stickstoffretention  und  Stickstoffgleich- 
gewicht  bei  Fattening  von  Ammoniaksalzen.,  Zeitschr.  f.  physiol.  Chem., 
Ixxvii,  p.  1.  1912. 
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prolonged  positive  nitrogen  balance.    Only  in  a  few  cases  was  it 
teini>orarily  positive.     It  was,  however,  more  negative  in  the  after 
period.     We  are  inclined  to  assume  that  the  established  nitrogen 
does  not  stand  in  any  direct  relation  to  the  S3aithesis  of  protein. 
We  laave  no  reason  for  the  assumption  that  the  animal  oi^anism 
has  the  power  of  producing  the  different  complexes  for  the  vari- 
ously built  amino-acids  from  carbohydrates,  and  that  the  admin- 
istered ammonia  is  used  for  their  aminization.    Such  an  assump- 
tion  stands  in  contradiction  to  all  the  present  conceptions  of 
protein  metabolism.'' 

On  examining  Abderhalden's  figures,  one  fails  to  notice  any 
marked  ''Ausschwemmung"  of  the  retained  nitrogen  in  the  after 
periods. 

The  experiments  reported  below  were  performed  with  the  object 
of  throwing  light  on  several  questions  which  presented  themselves 
to  us  on  reviewing  the  subject. 

1.  Does  (he  ammonia  combine  with  some  rest  of  the  carbohydrate 
molecule  in  its  retention;  is  the  carbohydrate  really  necessary  for  the 
demonstration  of  the  utilization  of  ammonia  in  the  protein  metabolism; 
and  does  the  carbriiydrate  give  rise  to  the  non-nitrogenous  fraction  of 
the  varums  amino-addsf 

Graf e  maintains  throughout  his  studies  that  large  quantities  of 
carbohydrates  are  necessary  to  get  a  satisfactory  demonstration 
of  the  utilization  of  ammonia,  and  Abderhalden  has  accordingly 
kept  his  animals  on  a  high  caloric  Intake.  The  results  of  Grafe's 
and  Abderhalden's  experiments  are  very  sunilar.  The  differences 
are  only  in  the  degree  of  retention.  Grafe  maintains  that  the 
differences  in  their  results  are  to  be  sought  in  the  difference  of 
the  carbohydrate  supply,  and  that  the  quantity  of  the  carbo- 
hydrate fed  is  the  determining  factor. 

It  seems  to  us  that  the  understanding  of  the  state  of  retention 
of  the  nitrogen  involves  this  question  directly.  Is  the  carbohy- 
drate a  very  important  factor?  Does  the  circulation  of  an  excess 
of  carbohydrate  molecules  in  the  blood  bring  about  the  synthesis 
with  the  ammonia  to  amino-acids,  which  either  build  up  or 
spare  body  protein;  or  does  the  carbohydrate  play  a  secondary 
r61e,  and  the  ammonia  the  primary  rdle? 

We  have  attempted  to  solve  this  problem  by  feeding  ammonium 
carbonate  to  starving  dogs.    If  the  carbohydrate  is  of  importance, 
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Tlie  results  of  this  experiment  corroborate  the  findings  of  the 
first.  Both  agree  in  showing  that  a  considerable  part  of  the  nitro- 
gen of  the  ammonia  is  retained,  and  that  it  is  not  eliminated  in 
the  after  period. 

EXPERIMENT  lU. 
Twenty-four-hour  periods. 


BRIOD 

WKIOHT 

TOTAL 
NITBOaSN 

2.43 
2.32 

NITBOOKN 
BALANCB 

-2.43 
-2.32 

RBMAHKS 

I 
II 

Eighth  fasting  day. 

III 

2.39 

-2.39 

rv 

2.21 

-2.21 

V 

8.95 

2.13 

-2.13 

VI 

8.85 

1.96 

-1.96 

• 

VII 

8.79 

2.00 

-2.00 

VllI 

8.G9 

2.45 

-2.45 

ix: 

8.74 

2.16 

-2.16 

X 

8.86 

3.12 

-0  82 

73  grama  of  meat  =  2.3  grams  of  N. 

XI 

8.58 

1.90 

-1.90 

XII 

•   8.48 

1.75 

-1.75 

XIII 

8.44 

2.18 

-f017 

2.3  gramn  of  N  in  the  form  of  meat. 

XIV 

8.36 

1.81 

-1.81 

XV 

8.20 

1.62 

-1.62 

XVI 

2.74 

-0.44 

2.3  grams  of  N  in  the  form  of  am- 
\    monium  carbonate  per  os. 

XVII 

1.83 

-1.83 

XVIII 

7.80 

1.72 

-1.72 

[2.3  grams  of  N  in  form  of  ammo- 

XTX 

3.40 

-1  10 

nium  carbonate  given  subctUane- 

XX 

2.91 

-2.91 

{    ously. 

XXI 

2.37 

-2.37 

XXII 
XXIII 

7.48 

7.32 

3.97 

2.00 

-1  67 

-2.00 

(2.Z  grams  of  N  in  the  form  of  urea 
\    given  per  os. 

XXIV 

1.76 

-1.76 

XXV 

6.98 

4.02 

-1.72 

2.3  grams  of  N  in  the  form  of  urea. 

XXVI 

6.95 

2.16 

-2.16 

This  experiment,  in  addition  to  the  fact  that  it  corroborates  the 
first  two,  also  shows  that  the  nitrogen  of  ammonia  may  affect  the 
nitrogen  balance  almost  to  the  same  extent  as  does  the  feeding  of 
meat.  Ammonia  administered  subcutaneously  is  eliminated  quan- 
titatively.   Urea  administered  per  os  is  eliminated  quantitatively. 
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unnecessary,  and  which  makes  the  interpretation  of  their  results 
considerably  more  difficult.    Grafe's  theory  that  the  carbohy- 
drates pass  into  union  with  the  nitrogen  of  the  ammonia  is  here 
proven  to  be  erroneous.    The  most  probable  answer  to  the  above 
questions,  and  the  one  most  strongly  in  harmony  with  well-known 
physiological  and  chemical  facts,  is  the  following:  the  anmionia, 
because  of  its  high  concentration  in  the  tissues,  most  probably  in 
the  intestinal  wall  and  liver,  reverses  the  process  of  deaminization. 
By  catabolism  of  protein  in  the  cells,  we  imderstand  a  cleavage 
of  protein  into  the  constituent  amino-acids  that  make  up  the  pro- 
tein molecule.    These  amino-acids  are  believed  to  be  deaminized, 
the  amino  radical  going  into  urea,  and  the  non-nitrogenous  frac- 
tion either  broken  down  and  burnt  directly  or  utilized  in  the 
synthesis  of  glucose,  glycogen  and  fat.    It  is  at  the  point  of  this 
deaminization  that  we  believe  the  ammonia  to  exert  its  influence. 
It  is  now  well  established  that  the  non-nitrogenous  part  of  the 
deaminized  amino-acids  are  either  a-hydroxy  or  a-ketonic  acids, 
both  of  which  when  administered  into  the  body  or  perfused  through 
the  liver  have  the  power  of  combining  with  the  amino  radical. 

We  have  attempted  to  test  this  theory  in  the  following  way: 
Grafe,  Abderhalden  and  the  writers,  in  the  experiments  reported 
above,  administered  all  the  anmionium  carbonate  in  a  rather  con- 
centrated form.  This  causes  the  anmionia  to  be  absorbed  rapidly, 
and  to  exert  a  high  mass  action.  It  was  thought  that,  by  giving 
the  ammonia  in  very  high  dilution  and  in  small  quantities  at  a 
time,  the  mass  action  might  be  eliminated. 

The  subject  of  this  experiment  was  a  man  of  about  70  kilos 
body  weight,  in  medium  flesh.    The  diet  consisted  of  200  grams 
of  starch,  200  grams  of  cane  sugar,  5  grams  of  table  salt  and  3000 
cc.  of  water.    The  starch  was  the  best  of  several  preparations;  the 
one  used  contained  only  0.065  gram  of  nitrogen  in  the  day's  ration. 
The  diet  could  fairly  be  termed  nitrogen-free.    It  contained  1600 
calories,  not  enough  to  place  the  individual  in  caloric  equilibrium, 
but  enough  to  spare  body  protein  eflfectively.    The  water  was  con- 
sumed with  the  food,  three  times  daily.    The  subject  was  placed 
on  this  diet  for  a  fore-period  of  five  days.    The  urine  and  feces 
were  collected  only  during  the  last  three  days  of  the  fore-period. 
The  urine  was  analyzed  for  total  nitrogen  by  the  method  of 
Kjeldahl,  anmionia  and  creatinine  by  the  methods  of  Folin,  urea 
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mie  average  fecal  nitrogen,  0.76  per  day,  cannot  be  considered 
aoiy  way  above  the  normal.    Obviously,  the  ammonium  car- 
l>oxiAte  was  fully  resorbed.    And  the  diarrhea  made  apparently 
difference  in  this  resorption.    If  there  was  any  effect,  there 
possibly  an  increase  in  the  secretory  nitrogen  eliminated, 
trlioxigh,  as  stated,  0.76  gram  of  nitrogen  per  day  cannot  be  con- 
sidered high;  it  is  within  the  usual  limits  for  normal  figures. 

Strikingly  constant  are  the  figures  for  creatinine  and  purine  and, 
^w^'th  the  exception  of  one  day,  of  anunonia  also.  There  is  a  short 
rise  in  the  purine  on  one  day,  the  second  day  of  the  test,  leading 
X>os8ibly  to  the  inference  of  increased  nuclear  catabolism  in  the 
liver,  as  the  result  of,  or  associated  with,  the  presence  of  the  ex- 
cess of  ammonium  carbonate  in  the  liver. 

From  an  inspection  of  the  figures  for  the  total  urinary  nitrogen 
and  urea,  it  is  clear  that  there  was  a  rise,  associated  with  the 
ingestion  of  the  anunonium  carbonate,  but  which  was  not  at  all 
commensurate  with  the  input.    The  greatest  part  of  the  admin- 
istered ammonia  was  retained  in  the  system,  and  was  not  eliminated 
in  the  after  period.    This  shows  that  the  ammonia  is  retained 
even  when  given  in  dilute  form.    It  does  not,  however,  vitiate 
the  theory  of  the  reversible  action  of  ammonia  on  deaminization. 
For  dilute  as  the  ammonia  was  when  administered,  we  have  no 
means  of  telling  at  what  rate  and  in  what  concentration  it  was 
absorbed.    We  hope  to  test  this  again  by  dividing  the  anmioma 
into  very  small  doses,  administered  at  very  short  intervals  during 
the  day. 

The  curve  yields  a  graphic  reproduction  of  the  data.  The  heavy 
continuous  line  represents  the  actual  figures  for  imnary  nitrogen. 
The  dotted  curve  for  the  two  days  indicates  approximately  what 
would  have  been  the  curve  of  elunination  had  no  ammonium 
carbonate  been  administered.  The  dashed  line  indicates  what 
would  have  been  the  curve  of  elimination  had  all  the  nitrogen  of 
the  ingested  ammonia  been  eliminated.  It  is  clear  that  the  larger 
fraction  of  the  nitrogen  has  been  retained. 
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Three  experimeats  were  performed  on  starving  doge,  and  the 
nitrogen  output  studied.  Ammonium  carbonate  was  given  per  m, 
and  it  was  found  that  a  considerable  part  of  the  nibiigai  «u 
retained  and  fwled  to  be  eliminated  in  the  after  period.  \(1kb 
given  subcutaneously,  it  was  promptly  eliminated. 

The  administration  of  urea  was  followed  by  a  cwnplete  dimi- 
nation  of  all  the  pitrc^en. 

Ammonia  administered  to  diabetic  dogs  was  also  retained,  bat 
to  a  larger  extent  than  in  normal  dogs. 

Ammonia  given  to  man  on  a  protein-free  diet  (0.065  pam  per 
day)  was  retained  to  the  extent  of  about  two-thirds. 
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These  experiments  corroborate  the  findings  of  Grafe  and  Abder- 
halden,  and  also  show  that  the  presence  of  carbohydrates  is  not 
an  obligatory  factor  in  the  retention  of  nitrogen  from  ammonia. 

It  is  suggested  that  the  ammonia  nitrogen  is  retained  because 
of  a  reversed  reaction  that  leads  to  combination  with  the  a-ketonic 
or  «-hydroxy.acids  to  form  amino-acids  which  may  be  used  in 
the  upbuilding  or  sparing  of  body  protein.  This  may  be  illustrated 
in  the  simple  reaction  for  the  deaminization  of  alanine. 

CH,  CH, 


CHNH,-fH,0    ,     CHOH  +  NH, 

I  I 

COOH  COOH 

Like  every  reaction,  this  reaction  must  be  reversible  under  appro- 
priate conditions.    What  the  station  of  equilibrium  in  the  animal 
body  may  be,  we  have  no  way  of  knowing.    But  according  to 
the  interpretation  of  the  retention  that  we  are  inclined  to  accept, 
with  the  administration  of  large  amounts  of  ammonia  this  reaction 
is  reversed,  probably  in  the  liver.    Whether  such  a  situation  as 
this  might  arise  outside  of  the  experiment,  normally  or  pathologi-^ 
cally — the  formation  of  such  amounts  of  ammonia  as  to  reverse 
the  reaction — ^is  problematical.    It  is  possible  that  such  concen- 
tration of  ammonia  within  the  portal  system  could  never  occur 
naturally,  in  health  or  disease.    In  that  event,  this  experiment 
would  simply  demonstrate  the  possibility  of  reversion  of  reaction 
in  the  animal  body  and  ^dd  another  illustration  to  the  long  list 
of  demonstrations  of  the  validity  of  physico-chemical  laws  within 
living  bodies.    We  have  used  alanine  as  the  simplest  illustration 
of  the  reaction;  and  in  view  of  the  omnipresence  of  lactic  acid 
within  the  organism,  it  is  possible  that  the  retention  occurs  largely 
or  entirely  in  this  state.    The  body  could  then  make  use  of  this 
alanine  to  the  same  extent  and  in  the  same  way  that  alanine 
derived  from  the  hydrolysis  of  protein  is  utilized. 

If  one  does  not  incline  to  the  view  that  the  ammonia  is  retained 
in  combination,  one  must  assume  that  it  is  retained  either  in  the 
state  of  ammonia  or  urea.  The  latter  appears  unlikely,  in  view 
of  the  prompt  and  complete  elimination  of  urea  in  the  direct 
experiment.  The  retention  of  ammonia  as  such,  in  the  form  of 
a  salt,  appears  to  us  quite  unlikely. 


STUDIES  IN  THE  PURINE  METABOLISM. 

I.    ON  URICOLYSIS  IN  THE  HUMAN  SUBJECT, 

By  ALONZO  ENGLEBERT  TAYLOR  and  WILLLVM  C.  ROSE. 

From  the  Department  of  Physiological  Chemistry f  University  of  Pennsylvaniat 

Philadelphia,  Pa,) 

(Received  for  publication,  April  2,  1913.) 

The  purine  bases  are,  according  to  almost  universal  belief,  con- 
verted into  uric  acid  or  eliminated  unchanged,  this  applying  to 
both  endogenous  and  exogenous  purine  bases.  To  what  extent 
the  elunination  of  uric  acid,  however,  is  to  be  regarded  as  express- 
ive of  the  formation  of  uric  acid  in  catabolism  (the  factor  of  cir- 
culatory retention  bemg  disregarded)  is,  despite  much  investiga- 
tion, not  yet  clear.  The  most  current  opinion  runs  to  the  effect 
that  a  relatively  large  amount  of  the  uric  acid  ormed  in  metabol- 
ism, or  mgested,  is  converted  into  urea  under  the  influence  of 
uricolytic  ferments,  such  as  have  been  isolated  from  the  organs 
of  lower  animals.  Without  at  this  time  entering  into  a  discussion 
of  the  literature,  we  wish  to  report  a  carefully  controlled  experi- 
ment on  the  human  subject.  Experiments  to  be  reported  in  a 
subsequent  paper  deal  with  the  influence  of  the  input  of  nitrogen 
and  of  glandular  work  upon  the  elimination  of  uric  acid. 

The  subject  of  the  experiment  was  a  healthy  young  adult,  a 
student  of  medicine,  weighing  about  60  kilos.  The  test  extended 
over  fourteen  days.  Wishing  to  exclude  rigidly  any  possible  in- 
fluence of  the  input  of  nitrogen  and  of  glandular  work,  the  diet 
was  constant  in  nitrogen  and  in  calories  during  the  entire  period. 
The  plan  of  the  test  was  to  place  the  subject  for  three  days  upon 
a  diet  of  milk,  egg,  starch  and  sugar.  During  the  following  three 
days,  a  fraction  of  the  milk-egg  was  substituted  by  sweetbreads 
containing  the  same  amount  of  nitrogen.  During  the  next  four 
days  this  substitution  was  •doubled.  During  the  last  four  days 
the  subject  was  again  placed  upon  the  diet  of  the  first  period. 
The  nitrogen  during  the  four  periods  was  exactly  10  grams  per 
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day.  The  caloric  value  of  t 
The  diet  of  the  first  period  w 
eggs  were  beaten  into  two  lit< 
mined  by  the  method  of  Kjel 
containing  10  grams  of  nitn 
enough  sugar  and  nitrogen-fre 
value  to  the  determined  plat 
the  form  of  a  custard,  and  inf 
ued  as  stated  for  three  days, 
of  the  mixture  of  milk  and  egt 
gen  was  withdrawn,  and  rep 
contwiing  3  grams  of  nitrogi 
in  a  fine  mill,  and  cooked  in 
duplicating  estimations  of  nit 
oric  input  remained  unchange 
3  further  grama  of  the  mitk-ej 
by  an  equal  amount  of  nitn^ 
the  caloric  input  being  unchao 
subject  was  returned  to  the  < 
form  of  milk  and  egg.  Thus 
as  follows: 

Finl  period:  nulk-«gg  nitrt^ei 
Second  period:  milk-^g  oitrof 
Third  period:  milk-egg  nitrogi 
^ourfA  period:  milk-egg  nitrof 

It  was  assumed  that  the  digei 
sweetbread  nitrogen  correspon 
nitrogen.  In  the  first  and  f( 
purine-free  diet;  in  the  seconc 
upon  a  known  and  controUef 
shape  of  nucleic  acids  of  the  b\ 
and  collected.  The  urine  wax 
order  to  avoid  the  fiuctuatio 
ures  in  the  tables  represent  t 
period;  and  the  evenness  of  t 
procedure.  The  urine  was  t 
method  of  Kjeldahl;  for  urea 
monia  and  creatinine  by  the 
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the  new  colorimetric  method  of   Folin;  the  dried  feces  by  the 
methcKi  of  Ejeldahl.    The  purme  bases  were  estimated  as  follows. 

Six  hundred  cc.  of  urine  are  freed  of  phosphates  by  the  addition  of  50  cc. 
of  magnesia  mixture,  50  cc.  of  5  per  cent  ammonia  added,  filtered  and  of  the 
filtrate  600  cc.  taken  for  the  estimation  of  purine.    The  purine  bodies  are 
first  precipitated  according  to  the  method  of  Salkowski  with  silver  nitrate. 
The  precipitate  is  collected,  washed  free  of  chlorides,  suspended  in  water, 
a  drop  of  hydrochloric  acid  added,  the  silver  precipitated  with  hydrogen 
sulphide,  heated,  filtered  hot  and  the  filtrate  evaporated  to  dryness  at 
about  70^.    Important  in  the  operation  is  a  clear  filtrate  after  precipitation 
of  silver  sulphide,  quick  filtration  of  the  hot  solution,  and  certainty  that 
at  all  times  the  reaction  of  this  filtrate  is  acid.    The  dried  residue  is  then 
taken  up  in  hot  water,  the  smallest  traces  of  sodium  carbonate  added  until 
the  uric  acid  passes  entirely  into  solution,  the  hot  solution  faintly  acidula- 
ted with  acetic  acid  and  filtered  at  once  into  a  marked  250  cc.  flask,  the 
ftlter  paper  washed  with  hot  water,  the  flask  filled  to  the  mark  with  hot 
water,  and  then  two  portions  of  100  cc.  each  measured  into  beakers,  and  the 
purines  precipitated  with  copper  sulphate  and  sodium  bisulphite  according 
to  the  method  of  KrQger.    The  washed  precipitates  are  finally  transferred 
to  Kjeldahl  flasks  and  the  nitrogen  estimated.    To  determine  the  purine 
mtrogen  of  the  total  urine  the  obvious  calculations  must  be  carried  out. 
To  determine  the  nitrogen  of  the  purine  bases,  the  nitrogen  of  the  uric  acid 
determined  apart  must  be  subtracted.    This  method  has  been  applied  to 
urines  to  which  known  additions  of  purine  bases  and  of  uric  acid  have  been 
made,  with  checking  results.    The  hew  Folin  method  for  the  estimation 
of  uric  acid  has  *been  f oimd  to  check  well  with  the  results  of  the  method 
of  Salkowski,  and  is  carried  out  in  a  twentieth  of  the  time. 

The  following  table  presents,  in  terms  of  nitrogen  daily,  the 
results  of  the  experiment.    All  figures  are  rounded. 
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The  figure  given  for  the  purine  nitrogen  of  the  sweettveads  is 
approximate  only;  it  is  certainly  too  low.  The  nucleic  acids  were 
freed  according  to  Neumann,  precipitated  with  alcohol,  thai  hy- 
drolyzed  with  hydrochloric  acid,  then  estimated  just  as  described 
for  purine  nitrogen  in  the  urine.  The  stools  contained  but  mere 
traces  of  nucleic  acid  in  the  cell-  and  bacteria-free  filtrate;  appar- 
ently, judging  by  this  and  by  the  nitrogen  of  the  stools,  the  diges- 
tion of  the  sweetbreads  was  normal  and  complete. 

From  these,  figures  it  is  clear  that  although  the  replacement 
of  milk-egg  nitrogen  by  sweetbread  nitrogen  results  in  a  rise  in 
the  piuine  nitrogen  of  the  urine,  an  expression  of  the  elimination 
of  piuines  derived  from  the  catabolism  of  the  nucleic  acids  of  the 
sweetbreads,  this  increment  in  el'mination  is  less  than  half  of  the 
known  input  of  purine  in  the  state  of  nucleic  acids  in  the  sweet- 
breads. The  proportional  rise  in  the  elimination  during  the  third 
period  as  contrasted  with  the  figure  for  the  second  period,  must 
have  been  purely  accidental.  It  is  clear  from  these  figure  that 
the  larger  portion  of  the  ingested  purine  was  either  destroyed  in 
the  alimentary  tract  prior  to  resorption,  or  was  converted  in  the 
metabolism  into  non-piu^ine  (presumably  into  urea),'  since  less  than 
half  of  the  ingested  amount  was  recovered  in  the  urine.  It  is 
also  clear  from  the  figures  that  the  ingestion  of  a  moderate  amount 
of  purine  bases  does  not  lead  to  increase  in  the  purine  bases  in 
the  urine,  but  solely  to  increase  in  uric  acid. 


ON  GLYOXALASE. 

Bt  H.  D.  DAKIN  and  H.  W.  DUDLEY. 

{From  the  Herler  Laboratory y  New  York.) 

(Received  for  publication,  April  2,  1913.) 

In  a  recent  communication^  the  writers  have  given  a  prelimi- 
nary accoimt  of  the  formation  of  a-hydroxy-acids  from  a-ketonic 
aldehydes  as  the  result  of  ferment  action.  The  present  paper  is 
concerned  with  a  more  detailed  study  of  the  reaction. 

The  catalyst  with  which  we  are  concerned  effects  the  rapid 
conversion  of  methyl  glyoxal  into  lactic  acid  and  of  phenyl  glyoxal 
into  mandelic  acid — a  reaction  which  is  readily  imitated  in  vitro  by 
the  action  of  alkalies. 

CH,.CX).CHO  +  H,0  =  CHi.CHOH.COOH 
CeHi.CO.CHO  +  HjO  =  C.H|.CHOH.COOH 

It  is  probable  that  other  glyoxals  may  imdergo  similar  changes 
but,  from  a  biochemical  standpoint,  the  formation  of  lactic  acid 
from  methyl  glyoxal  is  of  particular  interest  on  account  of  the 
relation  of  the  latter  substance  to  the  carbohydrates. 

We  shall  present  evidence  indicating  the  enzyme  character  of 
the  catalyst  in  question  and,  in  conformity  with  current  nomen- 
clature, we  propose  that  it  be  named  "glyoxalase." 

We  find  that  a  solution  exhibiting  strong  catalytic  activity, 
such  as  may  be  made  by  straining  an  aqueous  extract  of  muscle 
or  liver  from  an  exsanguinated  dog  or  rabbit,  may  be  heated  for  a 
short  time  to  48**  without  much  injury  but  at  once  loses  its  activity 
on  heating  to  60**.  On  allowing  the  tissue  extract  to  stand  at  room 
temperature,  without  addition  of  antiseptics,  the  activity  is  lost 
relatively  slowly.  After  forty-eight  hours  there  is  not  much  dimin- 
ution in  activity,  but  after  four  or  five  days  the  solution  contains 
but  little  of  the  enzyme. 

» This  Journal,  xiv,  p.  155, 1913. 
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Experiments  Eiiming  at  a  roi 
precipitatii^  filtered  tissue  extr 
but  by  precipitating  with  solid 
the  suspension  of  the  precipitai 
enzyme  was  obtained. 

In  order  to  obtain  some  info 
which  the  enzyme  is  active,  w< 
effect  of  the  presence  of  acid  s 
cert^n  small  concentration,  aci 
exert  not  only  an  inhibitory  efTe 
so  that  no  action  is  observable  o 
erate  amounts  of  alkali  (0. 1  pei 
have  no  fuch  action.  The  inhi 
be  of  importance,  for  it  obviou 
ism  for  the  action  of  the  enzyu 
glucose  which  may  yield  it  a 
accumulation  of  the  product 
would  automatically  inhibit  fv 
likely  that  we  have  to  do  witi 
which  may  roughly  be  repreaei 

CJI,rf>.   ill   CH..CO.C 

Additional  support  as  to  tht 
changes  occurring  in  the  anima 
we  have  recently  t>een  able  to  t 
methyl  glyoxal  lactic  acid  tran 
In  addition,  by  the  action  of  s 
have  been  able  to  obtain  a 
derivatives  of  methyl  glyoxal  a 
glyoxal  or  some  closely  relate 
and  others  upon  the  fate  of  metl 
will  be  reported  in  future  com 

The  fact  that  acid,  whether  I 
or  added  to  the  solution,  inhib 
to  provide  for  the  automatic  i 
observing  the  action  of  the  ei 
acid  formation  is  so  great  when 
are  employed  that  it  depends  su 
ization.     If  neutral  methyl  gly 
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tissue  extract  and  the  mixture  incubated  at  37**,  it  is  noticed  that 
after  a  few  minutes  the  solution  becomes  acid  and  a  heavy  precipi- 
tate of  proteins  is  formed.    The  acidity  may  increase  until  it 
is  about  equal  to  a  yj^y  solution  of  lactic  acid  (0.09  per  cent)  and 
then  no  further  formation  of  acid  occurs.    For  piurposes  of  neutrali- 
zation we  have  employed  sodium  bicarbonate  and  sodiiun  phos- 
phate and  freshly  precipitated  calcimn  carbonate.     The  latter 
apf>ears  to  be  preferable.    The  disadvantage  of  the  phosphate  is 
that  such  large  amounts  are  necessary  to  neutralize  relatively 
small  quantities  of  lactic  acid  and,  while  the  action  of  the  carbo- 
nate is  slower,  it  has  little  or  no  action  upon  the  glyoxals  and  it  is 
not  possible  for  excessive  alkalinity  to  develop. 

One  of  the  most  cmious  facts  connected  with  glyoxalase  is  that 
its  action  on  both  methyl  glyoxal  and  phenyl  glyoxal  does  not 
yield  a  single  optically  active  form  of  the  corresponding  hydroxy- 
acid,  but  a  mixture  of  both  forms  in  unequal  proportions.    Thus 
methyl  and  phenyl  glyoxal  give  a  mixture  of  laevo  and  inactive 
lactic  and  mandellc  acids.    At  first  we  were  inclined  to  ascribe  the 
formation  of  the  inactive  acids  to  hydrolysis  taking  place  independ- 
entiiy  of  the  enzyme,  but  further  investigation  does  not  bear  out 
this  supposition,  and  at  present  we  are  inclined  to  the  belief  that 
both  dextro  and  laevo  acids  are  formed  as  the  result  of  enzyme 
activity.    The  evidence  for  this  is  based  upon  the  following  facts: 
Firstly:  Both  forms  are  produced  under  conditions  unfavorable 
to  hydrolysis  except  by  enzyme  action,  e.g.,  in  faintly  acid  solu- 
tion.   Secondly:  The  acids  obtained  show  variations  in  the  pro- 
portions of  laevo  and  dextro  forms.    In  fact,  in  the  case  of  one 
experiment,  an  enzyme  solution  which  at  first  gave  chiefly  laevo 
mandelic  acid  when  acting  on  phenyl  glyoxal,  on  standing  and 
subsequently  acting  on  fresh  phenyl  glyoxal,  gave  mandelic  acid 
containing  an  excess  of  the  dextro  acid.    This  effect  was  certainly 
not  due  to  bacterial  action,  since  on  further  standing  the  enzyme 
was  destroyed  and  no  appreciable  amoimt  of  mandelic  acid  could 
be  obtained. 

Judging  by  analogy,  it  seems  unlikely  that  a  single  enzyme 
would  effect  an  incomplete  as3rmmetric  synthesis,  such  as  the  con- 
version of  methyl  and  phenyl  glyoxals  into  mixtures  of  the  laevo 
and  dextro  lactic  and  mandelic  acids.  So  far  as  the  facts  are  at 
present  available,  it  would  seem  probable  that  more  than  one 
enzyme  is  concerned  in  the  observed  reactions. 
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It  is  certainly  surpriai 
methyl  glyoxal  should  pro 
whereas  the  dextro  atnd  is 
tissues.  Levene  and  Me; 
lactic  acid  is  exclusively  pr 
glucose  and,  ^multaneouf 
that  methyl  ^yoxal  is  an 
^ucoee  into  lactic  acid.  1 
in  animal  metabolism  mu 
tion,  for  it  is  clear  that  I 
means  simple.  It  may  b 
of  inactive  lactic  acid  in 
asserted,  although  Moriya 
quale  experiments  that  thi 

An  idea  of  the  striking  ai 
the  fact  that  100  cc.  of  an 
with  five  parts  of  saline,  i 
matter,  is  able  to  convert  a 
lactic  acid  in  less  than  fifte 
prompt  neutralization  of  tl 
.  It  would  seem  likely  tha 
tioD,  and  we  have  already 
the  oyster.  Certain  lactic 
negative  result  possibly  on 
present,  to  leave  the  intact 
oxalase  observed  in  blood  b 
being  inactive. 


Preparation  of  glyox 

The  animal  (d(%  or  rabbi 
logical  saline  under  ether 
the  tissues  to  be  used  were 
with  warm  (35°C.)  saline  i 
saline  were  added  20  grams 
strained  through  muslin. 

'  This  Journoi,  xiv,  p.  149,  II 
'  Zeilsrhr.  /.  phytxal.  CAewi., 
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UB^d  directly,  but  it  may  be  filtered  through  paper  without 
losing  its  activity.  The  filtrate  may  also  be  precipitated  with 
solid  ammonium  sulphate  and  on  dissolving  the  precipitate  in 
^w^ter  and  dialyzing  an  active  solution  of  the  enz3rme  may  be 
obtained. 

Investigation  of  the  action  of  glyoxalase  extract  on  phenyl 

and  methyl  glyoxal. 

a.  Phenyl  glyoxal.    To  a  known  volume  of  extract  was  added  a 
solution  of  phenyl  glyoxal  and  the  substance  used  for  controlling 
the  acidity  of  the  mixture — sodium  phosphate,  sodium  carbonate 
or  chalk.    After  incubation  for  several  hoiu*s  at  37**C.  in  the  pres- 
ence of  a  small  amoimt  of  toluene  solid  anunonium  sulphate — 
roughly  50  grams  to  100  cc. — was  added  and  the  liquid  was  heated 
in  a  water  bath  for  ten  to  fifteen  minutes.    The  anunonium  sul- 
phate precipitates  any  unchanged  phenyl  glyoxal.    The  mixture 
was  then  allowed  to  cool,  acidified  with  a  few  cubic  centimeters 
of  phosphoric  acid,  and,  after  eflfervescence  had  subsided,  filtered 
off  from  precipitated-  protein  which  was  washed  with  ammonium 
sulphate  solution.    The  filtrate,  to  which  a  further  small  quantity 
of  phosphoric  acid  was  added,  was  theti  extracted  three  times  with 
small  amoimts  of  ether,  each  extract  being  washed  with  about  5 
cc.  of  water.    The  residue,  after  evaporation  of  the  ether,  was 
dissolved  in  water  (10  cc),  filtered,  examined  polarimetrically 
in    a   2   dm.   tube,    and   subsequently   its   acidity  determined 
by  titration  of  5  cc.  of  the  solution  with  deqinormal  sodium 
hydrate. 

6.  Methyl  glyoxal  In  this  case  the  incubation  mixture  was  pre- 
pared as  for  phenyl  glyoxal,  but  for  the  extraction  of  the  lactic 
acid  produced  the  following  method  was  first  adopted.  The  pro- 
tein was  precipitated  with  anmionium  sulphate  and  filtered  off  as 
before,  and  the  filtrate,  acidified  with  phosphoric  acid,  was  ex- 
tracted with  ether  for  many  hours.  The  residue  from  the  ether 
extract  was  taken  up  in  water,  examined  in  the  polarimeter,  and 
an  aliquot  part  was  titrated  with  decinormal  alkali  to  determine 
the  acidity.  The  remainder  was  converted  into  the  zinc  salt  for 
identification  and  analysis. 

In  later  experiments  the  incubated  mixture  was  faintly  acidified 
with  acetic  acid  and  then  evaporated  nearly  to  dryness  on  the  water 
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bath.  The  protein  which 
washed  several  times  witt 
nearly  to  dryness  again,  ac 
up  with  gypsum,  sufficient 
powder,  and  then  treated  n 
was  found  to  give  a  men 
method. 

/.  Effect  of . 

a.  100  cc.  20  per  cent  extrac 
gram  phenyl  glyoxal  hydrate 
in  presence  of  toluene,  Rotat 
-  1.67°. 

b.  Ae  in  a,  except  that  the  2 
Rotation  of  mandelie  acid  aolu 

e.  As  in  a,  except  that  extrc 
of  mandelie  acid  solution  in  2 

Glyoxalase  is  evidently 
48°  but  below  60°. 


//.  Injliience  of 

a.  To  100  ce.  20  per  cent  eitt 
added  0.1  cc.  glacial  acetic  acid 
euapended  in  water  and  0.2  gra 
Incubated  for  18  houre  at  37' 
c!c.)  in  2  dm.  tube,  +0.03°.  T 
due  to  acetic  acid. ' 

h.  Similar  to  a  but  no  chal 
Rotation  of  mandelie  acid  aolu 

c.  A  mixture  containing  10( 
muscle  of  rabbit),  0.2  gram  ph 
was  incubated  as  usual.  Afte 
acid  to  litmus.  Rotation  of  m. 
-2.07°. 

The  above  experiments  show  that  the  action  of  glyoxalase  >9 
almost  completely  inhibited  by  0.1  per  cent  acetic  acid  and  that 
this  concentration  of  acid  completely  destroys  the  enz>-me  in  lea 
than  three  and  one  half  hours  so  that  no  activity  is  observed  oo 
neutralization.  No  inhibitory  effect  is  observed  with  0.1  per 
cent  sodium  carbonate. 
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///.  Changes  observed  in  the  enzyme  solution  on  standing. 

The  glyoxalase  extract  (20  per  cent,  liver  and  skeletal  muscle  of  rabbit) 
stood  at  room  temperature,  without  antiseptics,  but  before  using  was 
treated  with  toluene^ 

a.  5  howra  after  preparation,    50  cc.  extract  +  5  cc.  chalk  suspension  + 

0.2  gram  phenyl  glyoxal  hydrate  in  5  cc.  of  water  +  toluene:  incubated  for 

18  hours  at  37°C.    Rotation  of  mandelic  acid  solution  (10  cc.)  in  2  dm.  tube, 

—  2.33*'  =  0.074  gram  /-mandelic  acid.     Acidity  equaled  0.1216  gram  total 

-mandelic  acid. 

A  similar  experiment,  using  only  26  cc.  of  extract  gave  an  observed  rota- 
tion of  —1.60^  equivalent  to  0.051  mandelic  acid,  and  an  acidity  correspond- 
ing to  0.086  gram  total  mandelic  acid. 

6.  £4  hours  after  preparation.  100  cc.  extract  -f  5  cc.  chalk  suspension  + 
0.2  gram  phenyl  glyoxal  in  5  cc.  water  +  toluene:  incubated  for  18  hours  at 
37^0.  Rotation  of  mandelic -acid  solution  (10  cc.)  in  2  dm.  tube,  —2.42°  = 
0.077  gram  Z-mandelic  acid.    Acidity  »  0.1216  gram  total  mandelic  acid. 

c.  4S  hours  after  preparation.  Incubation  mixture  and  time  as  in  b. 
Rotation  of  mandelic  acid  solution  (10  cc.)  in  2  dm.  tube,  —1.75°  »  0.056 
gram  Z-mandelic  acid.    Acidity  »  0.1034  gram  total  mandelic  acid. 

d.  72  hours  after  preparation.  Experiment  made  as  in  6.  Rotation  of 
mandelic  acid  solution  (10  cc.)  in  2  dm.  tube,  +  0.27°  »  0.0086  gram  d- 
mandelic  acid.    Acidity  »  0.0669  gram  total  mandelic  acid. 

e.  120  hours  after  preparation.    Experiment  made  as  in  h.    Rotation  of 
'   mandelic  acid  solution  (10  cc.)  in  2  dm.  tube,  0°.    Acidity,  1.0  cc.    The 

enz3rme  was  obviously  destroyed. 

It  will  be  noted  that  in  experiment  d,  dextro  mandelic  acid  was 
obtained  while  in  all  the  previous  ones  the  laevo  acid  was  chiefly 
formed,  although  the  diminution  of  the  laevo  form  was  evident 
in  c. 

IV,  Formation  of  lactic  add  by  the  action  of  glyoxalase 

on  methyl  glyoxal, 

a.  100  cc.  20  per  cent  extract  (dog's  liver)  +  1  gram  methyl  glyoxal  in 
40  cc.  water  -f-  80  cc.  10  per  cent  sodium  phosphate  solution  +  toluene.  The 
phosphate  solution  was  added  gradually  as  required  to  neutralize  acidity. 

b.  100  cc.  20  per  cent  extract  (dog's  liver)  -|-  toluene  +  10  per  cent  sodium 
phosphate  solution. 

.  c.  100  cc.  boiled  20  per  cent  extract  (dog's  liver)  -|-  1  gram  methyl  glyoxal 
in  40  cc.  water  -f-  toluene  +  10  per  cent  sodium  phosphate  solution.  The 
mixture  a  and  controls  b  and  c  were  incubated  at  37°C.  for  3  hours. 

Lactic  acid  was  extracted  as  described  in  a  continuous  extraction  appara- 
tus. The  ether  residues  were  taken  up  in  12  cc.  of  water  examined  polari- 
metrically  in  a  2.2  dm.  tube,  and  1  cc.  subsequently  titrated  to  determine  the 
acidity. 


43°  Glyo; 

a.  Observed  rotation,  — 0.07*.  I  ci 
0.6284  gtata  lactic  acid. 

b.  Obeerved  rotation,  0°.  1  cc.  req 
e.  Obaerved  rotatioD,  +  0.02'.  1  c 
d.  100  cc.  20  per  cent  extract  (liver 

cc.  chalk  auspenaion  +  1  gram  methyl 
18  hours  at  37*0. 

Worked  up  tactic  acid  with  gypeum 
apparatus  with  ether. 

Ether  extract  made  up  to  10  cc.  1 
required  10.1  cc.  alkali  ^  0.909  gram 

V.  Inh^nUon  of  activity  of  < 
ofladi 

100  cc.  of  20  per  cent  extract  (liver 
mixed  with  1  gram  of  methyl  glyoxal  ii 
for  18  hours.  The  precipitate  of  pre 
cold.  55  cc.  of  the  solution  were  titr 
and  required  5.2  cc.  This  correspond 
acid,  and  at  this  acidity  glyoxalase  i 
lactic  acid. 

The  lactic  acid  obtained  from  diffei 

line  lactate.    This  was  recrystalliieci 

Crop  I:  0.2944  gram  lost  0.0492  grai 

Crop  I! :  0.2749  gram  lost  0.0386  gra 

0.2541  gram  sine  lactate  (anhydroue 

33.56  per  cent  ZnO.    Theory  require 

Crop  I.    0.3052  gram  of  the  recrya 

gave  a  rotation  of  +  0.32°  in  a  2  dm. 

i»i.  -  - 

Crop  II.  0.2749  gram  recrystalliied 
of  4-  0.42." 


Presence  of  glyoxc 

The  serum  and  cells  of  defibrii 
by  means  of  the  centrifuge.  . 
several  times  with  saline,  they  w 
chalk  and  phenyl  glyoxal.  In  oi 
blood  serum  were  added  to  a  sol 
in  25  cc,  of  water,  and  blood  ce. 
were  added  to  a  similar  solution, 
in  the  presence  of  toluene  for  tv 
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^was  worked  up  as  usual  and  the  solutions  (10  cc.)  examined  in  a 
2  dm.  tube  gave  readings  of  0**  and  —0.45**,  respectively.  Gly- 
oxalase  was  evidently  absent  from  the  serum  but  present  in  the 
cells. 

Using  chalk  to  neutralize  the  acid  formed,  it  has  been  possible 
to  obtain  large  rotations,  using  the  cells  from  only  5  cc.  of  blood. 

Presence  of  glyoxalase  in  other  organisms. 

Yeast.  A  mixture  of  5  grams  of  pressed  yeast  in  50  cc.  of  water 
^th  0.2  gram  phfenyl  glyoxal  and  5  cc.  of  chalk  suspension  was 
incubated  for  24  hours  at  37**C.  in  presence  of  toluene.  The  man- 
delic  acid  was  worked  up  in  the -usual  manner  and  was  readily 
obtained  in  crystalline  form:  the  rotation  of  the  solution  (10  cc.) 
in  a  2  dm.  tube  was  —0.42®.    Glyoxalase  was  evidently  present. 

Oyster.  25  grams  of  the  minced  tissues  were  added  to  a  solution 
of  0.2  gram  phenyl  glyoxal  in  50  cc.  of  water,  5  cc.  of  a  chalk  sus« 
p>ension  and  a  few  drops  of  toluene.  The  mixture  was  incubated 
for  24  hours  at  37**C.  and  mandelic  acid  extracted  in  the  usual 
manner.  Rotation  of  solution  (10  cc),  —0.42**.  Glyoxalase  was 
undoubtedly  present. 

Similar  experiments  to  the  above  gave  negative  results  when 
extracts  of  young  potatoes  or  cultures  of  B.  bulgariais  were  em- 
ployed. 
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SXUDIES  IN  THE  BLOOD  RELATIONSHIP  OF  ANIMALS 
AS  DISPLAYED  IN  THE  COMPOSITION  OF 
THE  SERUM  PROTEINS.    U. 

K  COMPARISON  OF  THE  SERA  OF  THE  OX,  SHEEP,  HOG,  GOAT, 
DOG,  CAT  AND  GUINEA  PIG  WITH  RESPECT  TO  THEIR 
CONTENT  OF  VARIOUS  PROTEINS. 

By  J.  HOMER  WOOLSEY. 

{From  the  Rudolph  Spreckels  Physiological  Laboratory  of  the  University  of 

California.) 

(Received  for  publication,  April  3,  1913.) 

• 

In  the  following  investigations  I  have  employed  Robertson's 
refractometric  method^  of  determining  the  concentrations  of  the 
various  proteins  contained  in  blood  sera. 

The  animals  employed  were  in  some  instances  fasted  for  a  defi- 
nite period  preceding  the  determinations;  in  the  majority  of  in- 
stances normally  fed  animals  were  employed  and  their  sera  ana- 
lyzed at  an  imdetermined  period  after  they  had  last  fed.  These 
animals  are  distinguished  below  as  "normal"  while  the  fasting 
animals  are  so  designated.  The  sera  were  obtained  by  defibri- 
nating  the  fresh  blood,  either  by  whipping  or  by  shaking  up  with 
glass  beads,  and  centrifuging  the  defibrinated  blood.  In  each  case, 
with  the  exceptions  noted  below,  the  reported  anal3rtical  results 
are  the  average  of  four  closely  agreeing  determinations  made  upon 
the  same  sample  of  serum. 

A,  Results  obtained  with  ox  serum. 

The  following  were  the  results  yielded  by  four  different  samples 
of  ox  serum  obtained  from  "  normal' '  animals  at  the  time  of 
slaughter  in  a  neighboring  meat  company's  plant. 

*T.  Brailsford  Robertson:  this  Journal^  xi,  p.  179,  1912. 
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Proteins  of  Blood  Sera 


TABLE  1. 
Ox  serum. 


KXPBRnCXNT 


••u»olublb"> 
globulin 


1 
2 
3 

4 


0.62 
0.59 
0.62 
0.73 


0.04 
0.04 
0.04 
0.04 


Average  i    0.61  =fc  0.04 


TOTAL 
GLOBULINB 


TOTAL 
▲LBVinNB 


7.51  «*=  0.2 
7  44:*=  0.2 
7.52*  0.2 
7  54*  0.2 

7.50*0.2 


The  figure  following  the  ^  sign  is  the  possible  error  in  thedeterminAt 
due  to  a  possible  error  of  1'  in  reading  the  angle  of  total  reflection. 

Expressing  each  of  the  above-mentioned  proteins  in  terms  of  the 
percentage  of  the  total  proteins  which  they  represent,  they  yield 
the  following  figures. 


"Insoluble''  globulin 8.l|   ^'^j  ( 


04) 


Total  globulins *. 29.0 

Total  albumins 70.0 


31 
J  25 
/74.0 


(*  2.0) 
(*  2.0) 


\68 

The  first  figure  opposite  each  group  represents  the  average 
the  upper  figures  immediately  following,  the  highest  percentage 
in  any  individual;  the  lower  figure,  the  lowest  percentage  obs^red  in 
individual;  and  the  figure  in  brackets,  the  plus  or  minus  error  in  the 
mation  of  these  percentages  which  would  be  brought  about  by  an  error 
1'  in  reading  the  angle  of  total  reflection. 


<d 


Previous  estimates  of  the  proteins  in  ox  serum  are  the  following. 

T.  B.  Robertson:^  Determinations  made  upon  the  serum  from  one  ani- 
mal by  the  refractometric  method. 

"Insoluble''  globulin ^ 8.9  (*  0.4) 

Total  globulins 36.0  (*  2.0) 

Total  albumins 64.0  (*  2.0) 

O.  Hammarstcn:'  Determinations  made  upon  five  animals;  globulins  pre- 
cipitated by  saturation  of  the  serum  with  MgS04;  the  albumins  determined 
by  subtracting  the  globulins  from  the  total  proteins. 


Total  globulins 56 


;64 

\46 


Total  albumins 45^ 


/56 


136 


*  T.  Brailsford  Robertson:  loc.  cit. 

'  O.  Hammarsten:  Arch.  J,  d.  ges.  Physiol.f  xvii,  p.  461,  1878. 
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B.  ResiMa  obtained  with  sheep  serum. 

The  following  were  the  results  yielded  by  four  diflferent  samples 
of  sheep  serum  obtained  from  "normal"  animals. 


KBIMKNT 


5 
6 

7 
8 


"insoluble" 

OLOBCUN 


Average  •    0.42 


TABLE  2. 
Sheep  serum. 

TOTAL 
OLOBULINB 


TOTAL 
ALBUMINS 


I       TOTAL 

PROTBINS 


Ebcpressing  each  of  the  above-mentioned  proteins  in  terms  of  the 
percentage  of  the  total  proteins  which  they  represent,  they  yield 
the  following  figures. 

''Insoluble"  globulin 6.4/   g*^|  (*  0.4) 

Total  globulins 17. o|  ^^'^j  (=»=  2.0) 

Total  albumins «2.o{  S:2}  ^^  ^'^^ 

Previous  estimates  of  the  proteins  in  sheep  serum  are  the  fol- 
lowing. 

J.  Lewinski:*  Globulins  precipitated  by  saturation  of  the  serum  with 
MgSO*;  albumins  determined  by  subtracting  the  globulins  from  the  total 
proteins. 

Total  globulins 44 

Total  albumins 56 

C.  Results  obtained  with  hog  serum. 

The  following  were  the  results  yielded  by  four  different  samples 
of  hog  serum  obtained  from  "normal"  animals. 

*  J.  Lewinski:  Arch.  f.  d.  ges.  Physiol,  c,  p.  611,  1903. 
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Proteins  of  Blood  Sera 


TABLE  3. 
Hog  serum. 


BXPBHIMBNT 

"IN80LUBLK" 
QLOBUUN 

TOTAL                1                TOTAL                                VXtXX. 
GLOBULINS                       ALBUMim                        TWOfTZUm 

9 
10 
11 

12 

0.37  *0.04 
0.48*0.04 
0.48*0.04 
0.51  *  0.04 

3.17*0.15 
1.98*0.15 
3.34*0.15 
2.47  *  0.15 

4.01*02          7.19*0  2 
5.21  *0.2          7.19*  0  2 
4.96*0.2         8  50*0  2 
5.25*0.2          7.72*0  2 

Average 

0.46  *  0.04 

2.76  *  0.15 

4.86*0.2          7  60*0  2 

Expressing  each  of  the  above-mentioned  proteins  in  terms  of  the 
percentage  of  the  total  porteins  which  they  represent,  the>'  yieiA 
the  following  figures. 

"Insoluble"  globulin 6.o|  ^'^l  (*  0  4) 

Total  globulins 36.o|  ^-^l  (*  2.0) 

Total  albumins 64, 

Previous  estimates  of  the  proteins  in  hog  serum  are  the  follow- 
ing. 

J.  Lewinski:'  Globulins  precipitated  by  saturation  of  the  serum  with 
^^3^4;  albumins  determined  by  subtracting  the  globulins  from  the  totftl 
proteins. 

Total  globulins 40 

Total  albumins 60 


D.  Results  obtained  with  goat  serum. 

The  following  were  the  results  yielded  by  two  diflFerent  samples 
of  goat  serum  obtained  from  '*  normal"  animals. 


TART.E  4. 
Goat  serum. 

BXPBRIMBNT 

"insolublb" 
globulin 

TOTAL 
GLOBUUNS 

TOTAL 
•      ALBUimtB 

1                 TOTAL 
PBOTCim 

13 
14 

0.38  *0.04 
0.54  *0.04 

1.41  *0.15 
1.72  *0.15 

5.03*0.2 
5.59  *0.2 

1    6.44*02 
7.31  *  0  2 

Average 

0.46  *  0.04 

1.56  *0.15 

5.31  *0.2 

6.87*02 

1 

*  J.  Lewinski:  loc.  cit. 
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Expressing  each  of  the  above-mentioned  proteins  in  terms  of  the 
j>ercentage  of  the  total  proteins  which  they  represent,  they  yield 
tYie  following  figures. 

'*  Insoluble"  globulin 6.5/   ^'^j  (=fc  0.4) 

Total  globulins 22. o|  ^^|  (*  2.0) 

Total  albumins 75. 0<  ^^-^j  (*  2.0) 

Previous  estimates  of  the  proteins  in  goat  serum  are  the  fol- 
lowing. 

O.  Quinan:*  Determinations  made  upon  one  animal  at  intervals  of  one 
month  in  four  series  of  analyses;  '' insoluble"  globulin  precipitated  by 
COa ;  albumins  determined  by  N  determinations  upon  filtrate  freed  of 
globulins  by  MgSOt;  globulins  determined  by  subtracting  the  albumins 
from  the  total  proteins. 

'*  Insoluble"  globulin 9.4 

Total  globulins 46.0 

Total  albumins 54.0 


E,  Results  obtained  with  dog  serum. 

The  following  were  the  results  yielded  by  five  diflferent  samples 
of  dog  serum  obtained  from  animals  fasted  for  forty-eight  hours. 
In  each  case  the  reported  analytical  results  are  the  average  of 
three  closely  agreeing  determinations  upon  the  same  sample  of 


serum. 

TABLE  5. 

Dog  serum. 

• 

"insoluble" 

TOTAL                 1 

TOTAL 

J            tota: 

Cape  KIM  CM  T 

GLOBULIN 

0.38  =*=  0.04 

GLOBULINS           1 

ALBUMINS 

5.66  =t  0.2 

1             PROTEINS 

15 

0.81  =t  0.15 

6.47  =fc  0.2 

16 

0.57  =*=  0.04 

1.25  =fc  0.15    , 

6.24  =*=  0.2 

7.50  =«=  0.2 

17 

0.59  =*=  0.04 

1.79  =t  0.15    j 

4.98  =*=0.2 

6.72  =fc  0.2 

18 

0.67  ±  0.04 

1.39  =*=  0.15    ! 

6.69  =»=0.2 

8.08  =*=  0.2 

19 

0.55  =*=  0.04 

1.31  =*=0.15 

5.24  *  0.2 

6.57  =*=  0.2 

Average 

0  55  =t  0.04 

1.31  =t  0.15 

5.76*  0.2 

7.07  ±  0.2 

« C.  Quinan:  Univ.  of  Calif,  Publ.  Path.,  i,  p.  1,  1903. 
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Proteins  of  Blood  Sera 


Expressing  each  of  the  above-mentioned  proteins  in  terms  of  the 
percentage  of  the  total  proteins  which  they  represent,  the  fol- 
lowing figures  are  obtained. 


"  Insoluble 
Total  globulins 


"globulin 7.7/    ^^|(=t04 

^^-« i^S:S^=^-^ 

J  87.0 


) 


Total  albumins ^^  ^1  74  0 


0) 
(*  2  0) 


Previous  estimates  of  the  proteins  in  dog  serum  are  the  fol- 
lowing. 

J.  Lewinski :' Globulins  precipitated  by  saturation  of  the  serum  with 
MgSOi;  albumins  determined  by  subtracting  the  globulins  from  the  toUl 
proteins. 

Total  globulins 42 

Total  albumins 58 

G.  Salvioli:*  Globulins  precipitated  by  saturation  of  the  serum  vitb 
MgSOi;  albumins  by  subtracting  the  globulins  from  the  total  proteins. 


Total  globulins 37< 


/« 


23 


F.  Resrdts  obtained  with  cat  serum. 

The  following  were  the  results  yielded  by  four  different  samples 
of  cat  serum  obtained  from  animals  fasted  for  forty-eight  hours. 
Two  determinations  were  made  upon  each  sample  of  serum. 

TABLE  0. 


( 

Lai  serum. 

EXPBRIMCNT 

"insoluble" 

GLOBUUN 

TOTAL 
GLOBULnCB 

TOTAL 
ALBUMINS 

TOTAL 
PBORIKfl 

20 
21 

22 
23 

0.64  *  0.04 
0.48  *  0.04 
0.55  *0.04 
0.52*0.04 

4.09*  0.15 
2.09*0.15 
2.03*0.15 
2.05*0.16 

5.0      *0.2 

6.02*0  2 
6.32  *  0.2 
6.10*0.2 

9.09*02 
8  11  *02 
8.35*02 
8-15*0  2 

Average 

0  55*0.04 

2.56*0.15 

5.86*0.2 

8.42*  0  2 

'  J.  Lewinski :  loc,  ciL 

•  G.  Salvioli:  Arch.f,  (Anat,  u.)  Physiol,  1881,  p.  269. 
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^Elxpressing  each  of  the  above-mentioned  protems  m  terms  of 
the  percentage  of  the  total  proteins  which  they  represent,  the  fol- 
loTving  figures  are  obtained. 


"iMoluble"  globuHn 6.5/   ^^|  ( 

Total  globulins 30.o|  ^^|  (= 

J  76.0 


Total  albumins 60.0 


\65 


:2} 


(■ 


0.4) 
2.0) 
2.0) 


G.  Results  obtained  with  guinea  pig  serum. 


The  following  were  the  results  yielded  by  one  sample  of  guinea 
pig  serum  obtained  from  ten  animals  fasted  for  twenty-four  hours. 
Two  determinations  were  made  upon  the  sample  of  serum.. 


TABLET. 
Guinea  pig  serum. 

'E.XPBRIMKXT 

"insoluble" 

OLOBUUN 

TOTAL 
OLOBULmS 

TOTAL 
ALBUMIKB 

TOTAL 
PBOTBINB 

24 

0.25:*=  0.04 

0.93=*=  0.15 

5.01  =*=  0.2 

5.94=*=  0.2 

Expressing  each  of  the  above-mentioned  proteins  in  terms  of  the 
percentage  of  the  total  proteins  which  they  represent,  the  follow- 
ing figures  are  obtained. 

"Insoluble"  globulin 4.2  (=*=  0.4) 

Total  globulins 16.0  (^  2.0) 

Total  albumins 84.0  (=*=  2.0) 


SUMMARY. 


The  following  table  summarizes  the  average  results  obtained. 


it 


Insoluble"  globulin 

Total  globulin 

Total  albuniin 


PERCBNTAOB  OP  THE  TOTAL  PBOTBIMS  IK  THB  SBBA  OP 


Ox       Sheep 


8.1 
29.0 
70.0 


6.4 
17.0 
82.0 


Hog 


6.0 
36.0 
64.0 


Goat 


6.5 
22.0 
75.0 


Do« 


7.7 
18.0 
81.0 


Cat 


Guinea 


6.5 
30.0 
69.0 


4.2 
16.0 
84.0 


STUDIES  ON  THE  THEORY  OF  DIABETES. 

I.    SARCOLACTIC  ACID  IN  DIABETIC  MUSCLE. 

By  R.  T.  WOODYATT. 

■ 

(^From  the  Otho  S.  A.  Sprague  Memorial  Institute ,  Laboratory  of  Clinical 

Research,  Rush  Medical  College^  Chicago,) 

(Received  for  publication,  April  7, 1913.) 

The  primary  chemical  disability  in  diabetes  mellitus  and  pan- 
creas diabetes  has  been  held  by  different  writers  to  aflfect  each  of 
the  things  which  it  is  known  can  be  done  with  sugar  by  a  normal 
body,  e,g,,  to  burn  it,  to  produce  it  in  moderation,  to  store  it  as  fat, 
or  to  "fix"  it  as  glycogen',  etc.  As  far  back  as  1871  Schultzen  sug- 
gested that  the  primary  error  was  an  inability  to  open  up  the 
glucose  molecule  and  so  render  it  fit  for  oxidation. 

For  a  number  of  years  we  have  found  it  serviceable  to  regard 
dissociation  of  sugar  as  prerequisite  for  its  chemical  reactivity  in 
general,  i.e.,  for  its  oxidation,  reduction,  poljmierization,  combina- 
tion, or  functioning  in  equilibria — in  the  same  sense  that  this  has 
been  made  the  basis  for  a  great  array  of  organic  chemical  reactions 
in  vitro  by  J.  U.  Nef.  The  active  principle  in  the  so-called  internal 
secretion  of  the  pancreas  is  a  substance  whose  effect,  like  that  of 
alkali  in  vitro,  is  to  increase  the  dissociation  of  certain  classes  of 
substances  including  the  sugars.  Once  dissociated,  the  fate  of  the 
residues  thus  set  free  depends  upon  the  reaction  conditions  encoun- 
tered by  these  residues  in  the  various  cells  and  fluids  of  the  body. 

Sarcolactic  acid  has  a  peculiar  interest  in  this  connection  because- 
it  may  be  formed  in  the  body  under  certain  circumstances  (i.e., 
under  conditions  tending  toward  asphyxia — general  or  local), 
and  because  in  so  far  as  it  comes  from  sugar  it  represents  purely 
and  simply  a  product  of  dissociation  and  intramolecular  rearrange- 
ment. This  interpretation  of  lactic  acid  as  a  dissociation  product 
of  glucose  has  been  made  by  a  number  of  writers.  The  question 
arises:  Is  the  power  of  the  body  to  form  lactic  acid  out  of  sugar 
lessened  in  diabetes? 
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It  is  a  fact  that  lactic  acid  is  seldom  found  in  detectable  quanti- 
ties in  the  ether  extracts  so  frequently  obtained  in  the  routine 
determination  of  /8-hydroxybutyric  acid  in  the  urine  of  severe 
diabetes.  Von  Noorden^  states  that  he  has  three  times  sought  it 
in  vain.  We  have  also  failed  to  prepare  an  insoluble  zinc  salt  from 
this  residue  in  a  number  of  attempts.  The  reason  for  this  is  clear 
when  one  recalls  the  work  of  Mandel  and  Lusk^  who  demonstrate 
the  complete  conversion  of  administered  lactic  acid  into  sugar  in 
fully  phlorhizinized  dogs  and  its  failure  to  occur  even  in  the  urine 
of  d(^  which  were  poisoned  with  phosphorus  when  these  dogs  were 
fully  phlorhizinized.  Obviously  one  can  draw  no  conclusion  from 
the  urinary  findings  as  to  the  diabetic's  ability  to  form  lactic  acid. 
There  are  bther  ways,  however,  of  attacking  the  problem. 

Fletcher  and  Hopkins*  have  held  that  the  lactic  acid  which  is 
formed  in  fresh  muscles,  and  which  has  been  regarded  by  many  as 
intimately  connected  with  rigor  mortis  and  death,  is  a  product 
solely  of  the  survival  period.    Under  proper  circumstances  a  given 
weight  of  muscle  will  produce  a  certain  maximum  quantity  of 
lactic  acid,  after  which  no  injury  or  stimulation  will  influence  it 
to  form  any  more.     (Lactic  acid  can  also  be  formed  according  to 
Kondo*  by  the  action  of  fresh  muscle  juice  and  the  quantity 
formed  can  be  varied  by  altering  the  reaction  of  the  juice.    The 
addition  of  alkali  according  to  him  prolongs  and  increases,  the  addi- 
tion  of  acid  shortens  and  decreases  the  lactic  acid  formation.    He 
believes  that  the  degree  of  acidity  may  set  the  limit  for  survival 
lactic  acid  formation.    But  this  does  not  imply  that  with  a  given 
surviving  muscle  the  quantity  of  lactic  acid  produced  is  not  a 
function  of  the  mother  substance  from  which  it  arises.)    Now 
since  the  lactic  acid  formed  in  an  isolated  muscle  is  not  subjected 
to  the  drain  of  sugar  which  occm^  during  life  when  glycosuria  is 
in  progress  and  which  tends  to  "draw"  into  glucose  the  lactic  acid, 
alanine,  glycerol,  and  other  substances  which  are  normally  in 
equilibrium  with  glucose,  we  decided  to  produce  diabetes  in 
animals,  study  their  metabolism  during  life,  and  then  ascertain 
the  power  of  the  isolated  muscle  to  form  lactic  acid  during  the 
survival  period. 

*  Handbuch  der  Paihologie  des  Stoffwechaels,  1907,  ii,  p.  95. 

*  Mandel  and  Lusk:  Amer,  Journ.  of  Physiol,,  xvi,  p.  129, 1906. 
» Journ.  of  PhysioL,  xxxv,  p.  247,  1907. 

*  Biochem.  Zeitschr.,  xlv,  p.  63,  1912. 
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Methods. 

The  method  employed  for  secm'iiig  a  maximum  survival  yield 
of  lactic  acid  was  devised  in  accordance  with  the  principles  estab- 
lished in  the  papers  of  Fletcher  and  Hopkins*  and  of  Fletcher.* 
According  to  them  mammalian  muscles  are  tardy  in  reaching  their 
final  acidity  unless  hurried  by  methods  which  provide  a  suitable 
temperature  and  stimulus  without  premature  injury.     Absence 
of  oxygen,  the  proper  time  Snd  temperature,  certain  chemicals, 
e.g.,  chloroform,  insure  completeness  of  the  process!    The  animals 
used  in  these  experiments  were  deeply  anaesthetized  with  chloro- 
form.   The  abdomen  was  then  opened  and  portions  of  liver  rapidly 
removed  for  glycogen  determinations,  which  were  carried  out  in 
accordance  with  the  directions  of  Pfliiger.^    The  great  abdominal 
vessels  were  then  slashed  and  the  animal  suspended  by  the  hind 
limbs  to  insure  as  complete  exsanguination  of  the  latter  parts  as 
possible.    Muscle   was   then   rapidly   dissected   from   the   fore- 
quarters  for  glycogen  determination.    This  done,  the  carcass  was 
immersed  in  water  at  45^C.  for  an  hour,  then  removed  from  the 
water  and  kept  in  a  covered  boiler  for  six  hours  more  at  30-35®C. 
Rigor  mortis  always  developed  fully  during  the  first  hour.    At  the 
end  of  the  six  hours  the  skin  was  dissected  from  the  hind  limbs, 
after  which  the  muscles  were  dissected  out  cleanly,  care  being 
taken  to  use  the  same  groups  on  each  side.    The  muscles  were 
then  run  through  a  mincer,  after  which  the  minced  muscle  was 
thoroughly  mixed.    The  mincing  and  mixing  were  done  four  times 
in  all,  after  which  the  hash  was  weighed  out  into  50-gram  portions, 
each  of  which  was  covered  with  500  cc.  of  95  per  cent  alcohol. 

The  subsequent  steps  in  the  alcohol  extraction,  the  removal  of 
fat  and  lipoids  by  means  of  blood  charcoal,  the  ether  extraction 
out  of  the  acidified  aqueous  solution,  the  conversion  of  the  lactic 
acid  into  the  zinc  salt,  its  weighing  in  the  anhydrous  form,  as  well 
as  the  determination  of  its  purity  by  means  of  ZnO  determinations, 
were  all  done  essentially  as  described  by  Fletcher  and  Hopkins. 
We  introduced,  however,  certain  mechanical  changes. 

Thus,  in  the  original  alcohol  extraction  we  simply  stirred  the  hashed 
muscle  with  a  rod  until  all  cliunps  were  thoroughly  separated  and  after 


*  Journ.  of  Physiol. J   xxxv,  p.  247,  1907. 

•7Wd.,  xliii,  p.  286,1911. 

'  Abderhalden:  Handbuch  der  Biochem.  Arbeitsmethoden ,  1910,  ii,  p.  1071. 
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twenty-four  hours^  standing  decanted  the  alcohol  on  to  a  small,  folded 
filter.  (Fletcher  and  Hopkins  rubbed  up  the  muscle  and  alcohol  in  a  mortar 
and  squeezed  out  the  muscle  mass  in  muslin  after  decanting,  making,  in  alU 
four  extractions.)  After  five  extractions,  each  with  500  cc.  of  95  per  cent 
alcohol,  the  muscle  residue  was  allowed  to  dry  in  a  desiccator,  then  pulrer- 
ised  in  a  mortar  and  finally  extracted  twice  more  as  before.  In  clearing  with 
blood  charcoal  to  remove  lipoids,  etc.,  we  made  the  aqueous  solution  of  the 
alcoholic  residue  to  exactly  150  cc,  then  added  7-10  grams  of  blood  charcoal 
and  carried  out  the  heating  under  an  efficient  reflux  condenser.  After  cool- 
ing, the  liquid  was  filtered,  and  an  aliqu#t  part  of  the  whole  was  used  for 
analysis,  generally  120  cc.  or  80  per  cent.  This  avoided  the  process  of  wish- 
ing and  reboiling  the  charcoal,  employed  by  Fletcher.  The  filtrate  was  then 
evaporated  to  dryness,  made  up  with  HjO  to  exactly  20  cc.  in  a  bulbed 
graduate  (''phenol  tube")  and  then  to  25  cc.  with  a  saturated  solution  of 
phosphoric  acid.  This  solution  was  covered  with  1(X)  cc.  of  ether  and 
shaken.  In  separating  the  ether  layer  we  employed  a  special  siphon  instead 
of  a  pipette  and  carried  out  the  extraction  as  stated  in  a  '* phenol  tube,"  the 
bulb  of  which  permitted  the  use  of  a  large  volume  of  ether  for  the  25  cc.  of 
solution,  although  the  graduated  stem  of  the  tube  was  narrow  and  p^*- 
raitted  of  a  very  sharp  separation  of  layers.  We  extracted  the  aqueous 
residue  ten  times  with  exactly  100  cc.  of  ether  each  time,  and  proceeded  in 
the  same  way  in  each  experiment.  The  ether  subsequent  to  decantatioa 
was  handled  as  in  Magnus-Levy's  method  for  /8-hydroxybutyric  acid  deter- 
mination in  the  urine,  to  ensure  freedom  from  emulsified  solution  contatning 
inorganic  acid.  The  final  zinc  salt  was  always  white  and  pure  and  when 
analyzed  gave  uniformly  satisfactory  ZnO  figures,  so  that  in  some  experi- 
ments we  omitted  this  final  ignition.    Analyses  were  made  in  pairs. 

Phlorhizinizaiion  of  dogs  was  accomplished  by  administering 
to  animals  of  7-9  kgms.  body  weight,  every  6  hours  subcutane- 
ously,  2  grams  of  phlorhizin  dissolved  in  30  cc.  of  1.2  per  cent  solu- 
tion of  sodium  carbonate.  During  the  first  hours  of  the  regimen 
the  dogs  were  given  cold  baths  and  permitted  to  shiver  afterwards, 
according  to  Lusk's  method.  The  urine  was  obtained  by  catheter 
and  the  bladder  irrigated  with  warm  water  at  the  end  of  each  6- 
hour  period.  Nitrogen  determinations  in  the  urine  were  made  by 
the  Kjeldahl  method,  dextrose  by  polariscope,  and  by  the  titra- 
tion method  of  Bang  and  Bohmannsson.* 

ResvUs, 

The  relative  quantities  of  lactic  acid  obtamed  per  100  grams 
muscle,  and  expressed  in  weights  of  anhydrous  zinc  lactate  may 
be  seen  by  reference  to  the  chart.    The  first  four  lines,  A,  B,  f , 

'  Zeitschr,/.  physioL  Chem.f  Ixiii,  p.  443,  1909. 
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aj&d  D,  represent  the  quantity  of  zinc  lactate  obtained  from  the 
la.ctic  acid  in  100  grams  of  muscle  from  healthy  dogs,  in  such  states 
of  nutrition  as  they  were  when  brought  to  the  laboratory.  The 
l^^st  line  H  is  the  figure  obtained  in  a  case  of  severe  human  diabetes. 
Tte  other  three  lines,  E,  F,  G,  correspond  to  the  figures  obtained 
£roni  muscles  of  phlorhizinized  dogs,  the  lowest,  E,  being  that  from 
a  fully  phlorhizinized  and  glycogen-free  animal  in  which  the  D:N 
ra.tio  was  3,73  : 1;  the  next  loyest,  F,  a  dog  in  which  the  ratio  was 
2.82: 1  and  in  which  a  trace  of  glycogen  was  found;  the  highest 
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of  the  three,  Gy  a  dog  in  which  the  ratio  was  2.90  : 1,  but  to  which 
glucose  was  given  intravenously  just  before  death  in  order  to  create 
an  hyperglycaemia,  and  which  contained  in  the  muscles  0.22  per 
cent  glycogen. 

Disctission  of  results. 

It  IS  apparent  from  these  figures  that  the  quantity  of  lactic  acid 
formed  in  muscles  from  healthy  dogjs  varies,  presumably  with  the 
difTer^it  states  of  nutrition.    It  is  also  clear  that  the  muscle  from 
the  human  diabetic  formed  distinctly  less  lactic  acid  than  the  low- 
est normal  muscle.    But  it  is  very  possible  that  the  survival  lactic 
acid  comes  from  three  sources:  (/)  glycogen  sugar,  (2)  sugiu*  derived 
from  protein  or  fat,  (S)  directly  from  fatty  or  amino-acids  without 
intermediate  sugar  formation.    In  the  case  of  the  muscle  of  the 
human  diabetic,  the  fraction  (/)  from  glycogen  might  naturally  be 
expected  to  be  absent  or  very  low  because  in  such  diabetics  the 
muscles  contain  little  or  no  glycogen.    Therefore  the  muscle  d 
the  human  diabetic  had  presumably  less  material  to  work  up<Hi 
than  the  normal  and  the  values  obtained  are  not  directly  cwnpar- 
able  to  those  found  for  muscles  of  well  nourished  animals.    In 
Experiment  E  the  factor  (/)  was  removed  by  means  of  phlorhim, 
thus  producing  a  state  of  nutrition  parallel  to  that  found  in  human 
diabetes  but  nevertheless  without  injury  to  the  pancreas.    Inci- 
dentally an  hypoglycaemia  was  caused,  i.e.,  the  value  of  (^)  wss 
somewhat  lowered.    The  lactic  acid  formed  by  the  muscle  of  this 
dog  is  therefore  directly  comparable  to  that  found  hi  thehmnan, 
except  for  the  difiference  in  species  and  perhaps  in  the  lessmed 
value  of  (2). 

In  Experiment  F  the  attempt  was  made  to  replace  (£)  by  creat- 
ing hyperglycaemia  just  before  death,  but  in  such  experim^ts 
there  is  a  rise  both  in  the  amount  of  glycogen  and  of  lactic  acid 
found.  This  experiment  appears  to  demonstrate  directly  the 
power  of  the  muscle  to  form  lactic  acid  and  glycogen  from  glu- 
cose, and  affords  possibly  the  best  comparison  of  the  series  with 
the  muscle  of  the  human  diabetic.  Now  if  we  compare  the  lactic 
acid  formed  in  human  diabetes  with  that  formed  in  the  phlo^ 
hizinized  dogs  (in  which  pancreatic  function  was  normal)  it  ap- 
pears that  with  the  same  material  at  hand  out  of  which  to  fonn 
lactic  acid  or  even  with  a  little  less  at  hand,  the  phlorhianijed 
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dog  muscle  made  somewhat  more  lactic  acid  than  that  of  the 
human  diabetic. 

In  all  cases  in  which  diabetic  muscles  were  analyzed  there  was 
some  lactic  acid  fonnation.  This  would  have  to  be  ascribed  to 
protein  (and  perhaps  in  part  to  fat) — either  directly  or  through 
sugar  as  an  intermediate.  Owing  to  this  fact — ^that  lactic  acid 
formed  in  surviving  muscles  comes  partly  from  sources  other  than 
sugar — lactic  acid  cannot  be  made  a  direct  measure  of  the  disso- 
ciation of  sugar  in  these  experiments  as  was  originally  hoped. 

As  an  incident  it  is  interesting  to  note  that  a  dog,  in  which  a 
II> :  N  ratio  of  3.73 : 1  was  produced,  proved  to  be  in  reality 
glycogen-free  by  post-mortem  analysis,  a  confirmation  of  the 
conclusion  reached  by  Lusk.*  The  animal  in  which  the  ratio  was 
2.83  showed  a  trace  of  glycogen  in  the  muscles.  And  with  a  ratio 
of  2.97  and  the  intravenous  administration  of  glucose  the  glycogen 
in  the  muscle  was  0.22  per  cent. 

EXPERIMENTS. 


I. 

Experiments  with  healthy  dogs  in  different  states  of  nutrition  handled  in 

accordance  mth  methods  described  on  p.  448. 


EX- 
PERI- 
MENT 


A 
B 
C 
D 


TOTAL  ZN(CaH|0s)s        AMOUNT  ZN(C|H»ds)s 

(aKHTDBOUS)  '  U8SI>  FOB 

PKB  100  QMS.  MUSCLE  INCIKSBATION 


0.491 
0.605 
0.481 
0.597 


0.321 


0.235 


ZnO 


ob^nii  i   P«^  <^^'   i     Theory 


0.109 


34.24 


0.085    I    36.17 


33.43 


33.43 


•  Elements  of  the  Science  of  Nutrition,  1909,  second  edition. 
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II. 

Experiments  with  phlorhiginized  dogs — phlorhizinized  and  handUd  at 

described  under  Methods,  p.  444' 

Experiment  E.    The  urinary  findings  for  successive  6-hour  periods  gave 
the  following  figures.     (Dextrose,  Bang-Bohmannsson;  N,  Kjeldahl.) 


BRIOD 

DKXTBOSB 

per  cent 

N 

per  cent 

D:N 

▲TKBAQS  I>:N  poa 

I 

2.50 

0.35 

7.14 

II 

4.04 

0.57 

7.09 

III 

2.90 

0.58 

5.00 

IV 

3.50 

0.97 

3.60 

1 

V 

3.86 

0.96 

4.00 

[        3-73  :  1 

VI 

3.59 

1.00 

3.59 

■ 

Glycogen  determinations:  carried  out  on  50  grams  each  of  muscle  and  liver 
(Pfldger).  The  final  residue  obtained  after  filtration  of  the  alcohol  was 
dissolved  in  20  cc.  of  hot  water  and  cleared  with  HCl  as  per  Pfltiger's  direc- 
tions. This  fluid  showed  no  dextro-rotation  and,  after  boiling  for  one-haif 
hour  with  10  per  cent  HCl  and  neutralization,  no  reducing  power  in  Hain^' 
solution.    The  iodine  reaction  was  also  negative. 

Total  anhydrous  Zn(CiH^0t)2  obtained  per  100  grams  muscle,  0.1467  gram. 
Used  for  ZnO  determination,  0.0514  gram.  ZnO  found,  0.0172 — correspond- 
ing to  33.46  per  cent;  theory,  33.43  per  cent.  A  blood-sugar  determination 
(Bang,  Lyttkens  and  Sandgren,  Zeitschr.  f,  physioL  Chem.,  Ixv,  p.  497 1 
showed  0.073  per  cent. 

Experiment  F.  Phlorhizinized  dog.  The  same  procedure  as  in  E, 
except  that  no  effort  was  made  to  collect  the  whole  urine  for  each  period 
nor  to  maintain  even  dilution  of  the  urine. 


PERIOD 

DEXTROSE 

1 

N 

D:N 

AVERAGE  D:N*  FOB 
I.AST  IS  HOCKS 

per  cent 

per  cent           ' 

1 

I 

II 

2.55 

0.46          ' 

5.59 

III 

1.93 

0.67 

2.88           ^ 

IV 

1.82 

0.69 

2.64 

2.82:1 

V 

1.80 

0.61 

2.94           J 

Glycogen  determination:  in  muscle,  trace;  in  liver,  trace  (?). 

Total  anhydrous  Zn{CiHkOi)t  per  100  grams  muscle,  0.227  gram.  Used  for 
ZnO  determination,  0.0782  gram.  ZnO  found,  0.0263,  corresponding  to  33.65 
per  cent;  theory,  33.43  per  cent. 
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^^LPKRIMENT  G.     Phlorhizintzed  dog  with  intravenous  glucose  injection. 


WRXOO 


DBXTB08B 


N 


II 
III 

IV 
V 


per  cent 

4.17 
4.17 
2.60 
2.40 


P€r  cent 

0.85 
1.57 
0.74 
0.83 


D:N 


4.85 
2.66 
3.37 
2.90 


AVEBAOC  D:N  POR 
iJkST  18  HOURS 


2.97 


At  the  close  of  the  last  period  analyses  of  the  urine  were  made  as  usual, 
tVie  time  consumed  being  two  hours.  The  animal  was  then  chloroformed 
and  100  cc.  of  a  12.9  per  cent  glucose  solution  introduced  into  the  femoral 
vein.  The  ureters  were  then  clamped  to  stop  excretion.  Ten  minutes 
later  the  usual  procedure  was  carried  out. 

Glycogen  determination:  in  liver,  a  trace  (the  residue  from  50  grams  liver, 
made  up  in  the  final  step  to  50  cc.  with  water,  read  in  a  20  cm.  tube  +  0.06*'). 
Glycogen  in  the  muscle,  0.219  per  cent  (final  residue  from  50  grams  of  muscle 
made  up  to  20  cc.  read  in  20  cm.  tube  -f  1.09®). 

III. 

Human  diabetes  (so-called  ** bronze  diabetes**). 

Experiment  H.  Clinical  history:  Dr.  G.  P.,  age  42;  case  No.  61501, 
Presbyterian  Hospital,  Chicago.  Service  of  Dr.  Frank  Billings.  Patient 
entered  the  hospital  June  15,  1911,  and  died  in  true  dyspnoeic  coma  ten 
weeks  later.  He  probably  had  a  transient  glycosuria  four  years  prior  to 
admission.  Four  months  before  admission  a  controllable  glycosuria  oc- 
curred. One  month  before  admission  it  became  intractable.  On  admis- 
sion the  urine  contained  much  sugar,  acetone,  acetoacetic  and  /8-hydroxy- 
butyric  acids  with  a  high  NH4  figure.  He  complained  of  weakness,  loss  of 
weight  and  strength,  thirst  and  polyuria.  Just  before  this  time  because 
of  an  old  luetic  affair  he  had  taken  a  course  of  baths  and  mercurial  inunc- 
tions after  which  he  was  troubled  greatly  with  pain  in  the  distribution  of 
the  sacral  nerves. 

Physical  examination  on  admission.  Patient  is  5  feet  10  inches  tall  and 
weighs  only  102  pounds.  The  skin  is  a  little  dusky — suggesting  pigmenta- 
tion. The  liver  presents  a  hard,  sharp  and  smooth  edge  2.5  inches  below 
the  costal  arch  in  the  mamillary  line.  The  tip  of  the  spleen  is  palpable. 
The  arteries  are  somewhat  sclerosed.  Otherwise  the  findings  have  no  bear- 
ing in  this  place.    Wassermann,  negative. 

Subsequent  history.  He  was  frequently  in  trouble  from  the  start  with 
headache,  slight  nausea,  drowsiness,  backache  and  a  rising  acidosis  if  he 
attempted  to  move  far  from  his  bed  or  room. 

At  one  time  he  was  given  an  analyzed  diet — containing  protein,  85  grams; 
wheat  starch,  75  grams  (or  100  grams  as  noted);  fat,  170  grams;  aggregating 
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(approximately)  2170  CaL    In  addition  to  this  he  received  sodium 
nate,  20  grams,  and  claret,  400  cc.  per  diem. 

The  findings  follow: 


5  <  So         »ot      ^"^     5        K        Q     a 


23  As  stated  above 105  4330  1025  2  43  105  4.4  13.4  8S2  2 

24  Same 105  4425  1027  2.53  111  3  5  18.6  771  9 

25  Same  except  starch 

made  to  100  gm.  105  4725  1025  2.82  133  3.6  19.0  7S1  7 

27  Same  as  on  25 105  4700  1025  2.93  133  7.5  18.9  7717 

28  Interrupted 105  5100  1026                         S.I 


_  Urinary  glucose  X  100 

(Urinary  N  X  3.65)  +  carbohydrate  ingested 

D      Urinary  glucose  —  carbohydrate  ingested 
N  Urinary  X 

On  the  26th  he  ran  a  slight  temperature  ascribed  to  exacerbation  of  ib 
old  prostatitis  and  on  the  27th  the  NH4  figure  was  extr^ne.  A  fast  day  was 
therefore  interpolated  with  a  simultaneous  increase  oi  the  wine  and  aDcali 
and  addition  of  opium.  There  was  temporary  improvonent  but  thereafter 
his  condition  was  always  critical  and  demanded  frequent  alterations  of 
the  diet.  Analysis  of  the  food,  etc.,  was  consequently  discontinued.  The 
usual  clinical  resources  were  employed.  He  could  be  held  in  N  equilibriuio 
but  not  without  the  ingestion  of  much  fat  and  the  appearance  of  threatening 
symptoms.  From  August  12  to  20,  his  diet  averaged  i^proximately  100 
grams  of  carbohydrate,  125  grams  protein,  200  grams  fkt,  supplemented  with 
wine,  0.5  to  1  liter,  and  sodium  bicarbonate,  15  to  20  grams.  The  routine 
examination  of  the  urine  for  this  period  ran  as  follows: 


DAT 

AMOUNT  CBINK 

BPBCtFIC  a&AVITT 

OLCCOSB 

NH4 

12 

3950 

1019 

71 

2.8 

13 

3000 

1026 

108 

1.9 

14 

3800 

1026 

159 

1.9 

15 

4325 

1029 

164     1 

2.4 

16 

3500. 

1026 

108 

2.3 

17 

3800 

1030 

144 

2.5 

18 

34-25 

1030 

145 

2.5 

19 

4300 

1032 

168 

3.0 

20 

44.">0 

1030 

165 

3.9 
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Assuming  the  daily  average  carbohydrate  ingestion  to  have  been  100 
grams  and  the  average  urinary  N  to  have  been  20  grams  (which  cannot  be 
far  from  what  occurred)  the  Q  for  the  last  nine  days  would  have  been  77  as 
in  the  previous  period.  The  case  represents  therefore  a  '* severe**  but  ** income 
'pleie**  di€jbetes. 

Autopsy.  Performed  four  hours  after  death.  Body  still  warm.  The 
liver  and  pancreas  show  the  typical  sclerosis  and  brick-red  parenchyma  of 
**bron2e  diabetes."  Psoas  muscle  taken  for  analysis  was  kept  four  hours 
in  a  i^arm  place,  then  handled  as  usual. 

TotoZ  anhydrotis  Zn(CtHiOi)t  per  100  grams  muscUt  0.077  gram. 

SUMMARY. 

Muscles  of  glycogen-f ree  animals  form  some  sarcolactic .  acid 
(about  30  per  cent  of  the  normal).    This  lactic  acid  cannot  come 
from  glycogen  but  must  arise  from  preformed  sugar,  or  directly 
from  certain  amino-  or  fatty-acids.    The  muscle  of  a  case  of  severe 
human  diabetes  formed  even  less  lactic  acid  than  that  of  fully 
phlorhizinized  dogs.     This  suggests  an  impaired  power  to  disso- 
ciate glucose  on  the  part  of  the  diabetic  muscle  since  such  muscles 
are  bathed  with  an  abnormally  high  quantity  of  sugar  which — 
if  available — should  yield  more  lactic  acid  than  is  found  in  the 
muscle  of  phlorhizin  diabetes. 

With  D:  N  ratios  of  approximately  3.65  : 1,  post-mortem  analy- 
ses of  dog  muscles  and  livers  show  no  glycogen.  With  ratios  of  2.8 
or  3.0  : 1  this  is  not  necessarily  the  case,  and  one  cannot  assume 
that  with  a  constant  D  :  N  ratio  of  2.8  : 1  an  animal  is  free  of 
glycogen. 


ON  THE  ABSORPTION  OF  NITROGENOUS  PRODUCTS— 
A  REPLY  TO  ABDERHALDEN  AND  LAMP^. 

By  otto  FOLIN  and  W.  DENIS. 
(From  the  Biochemical  Laboratory  of  Harvard  Medical  Schdol,  Boston.) 

(Received  for  publication,  April  9,  1913.) 

Some  time  ago  Abderhalden  and  Lamp^  published  a  paper^on  the 
absorption  of  amino-acids,  peptones,  etc.,  which  is  largely  devoted 
to  a  review  and  criticism  of  our  experimental  results  and  conclu- 
sions on  the  same  subject.^ 

In  this  paper  Abderhalden  presents  his  views  as  to  the  nature  of 
the  problem,  the  relative  merits  of  the  theories  in  vogue  with  regard 
to  absorption,  the  difficulties  involved,  etc.,  and  reviews  the  bear- 
ing on  these  questions  of  his  own  researches  including  some  new 
experiments  which  so  far  as  can  be  judged  from  the  rather  sketchy 
description  and  the  protocols,  represent  qualitative  control  exper- 
iments of  our  absorption  determinations.    The  results  recorded 
we  interpret  as  a  very  acceptable  confirmation  of  our  facts  and 
interpretations.    So  far  as  our  work  is  concerned,  however,  Abder- 
halden admits  that  our  analytical  methods  are  new,  but  considers 
the  results  which  we  obtained  neither  new  nor  particularly  illumi- 
nating. 

The  theory  of  amino-acid  absorption  accompanied  by  immediate 
deaminization  is  according  to  Abderhalden  superfluous  to  discuss 
because  it  lacks  experimental  support.  (Oiw  experiments  have 
shown  the  immediate  deaminization  hypothesis  to  be  untenable.) 
The  theory  of  amino-acid  absorption  and  subsequent  distribution 
to  the  different  tissues  as  presented  in  our  papers  Abderhalden 
considers  not  yet  proven;  in  other  words,  this  is  still  a  theory  and 
not  an  estabUshed  fact.  Even  as  a  theory  he  is  inclined  to  be  more 
critical  of  it  than  of  his  own  '*Arbeitshypothese" — the  immediate 
regeneration  of  blood  proteins  out  of  the  amino-acids.     The 

^Zeitschr,/.  physiol.  Chem.j  Ixxxi,  p.  473,  1912. 
^Th\B  Journal,  xi,  p.  87,  1912;  xii,  p.  141,  1912. 
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regeneration  doctrine,  though  it  too  is  only  a  bypothesb  and  with- 
out a  particle  of  positive  experimental  evidence  in  its  favor,  be 
nevertheless  thinks  should  be  supported  until  fads  have  made  it 
superfluous  (pp.  495-6).  Just  why  this  one  hypothesis  should  re- 
ceive the  benefit  of  all  remaining  doubts  he  does  not  make  dear, 
but  since  he  still  takes  that  position  others,  like  oursehres,  feel 
justified  in  referring  to  him  as  the  chief  exponent  and  defender  of 
it.  The  fact  that  he  in  '*1912"  mentioned  its  weakness  from  an 
experimental  standpoint  (Folin  made  clear  its  weakness  in  l^OSf 
does  not  alter  the  fact  that  it  is  still  his  working  hypothesis,  thou^ 
perhaps  in  a  modified  form.  If  we  imderstand  him  ri^tly  his 
working  hypothesis  now  is  that  those  amino-acids  which  cannot 
be  built  up  into  blood  protein  may  get  into  the  blood  as  amino- 
acids. 

While  Abderhalden  thus  remains  avowedly  a  supporter  of  the 
immediate  r^eneration  hypothesis  as  a  feature  of  absorpti<Hi  it 
is  clear  that  his  experimental  results  described  in  his  paper  with 
Lamp^  confirm  our  findings  so  far  as  such  qualitative  tests  can 
confirm  them.  By  quaUtative  tests  using  10  cc.  of  blood  he  is 
now  able  to  demonstrate  the  presence  of  amino-acids  in  the  blood 
at  all  times  and  an  unmistakable  increase  in  the  reaction  as  a  re- 
sult of  a  few  minutes'  absorption  of  any  ordinary  amino-acid.  In 
his  earlier  work  Abderhalden  was  imable  to  prove  the  presence 
of  amino-acids  in  blood  even  when  he  worked  with  as  much  as  50 
liters  at  a  time. 

Abderhalden's  severely  critical  attitude  toward  our  results  and 
interpretations  appears  to  be  a  consequence  of  his  bias  in  another 
direction.  To  those  who  for  years  have  recognized  that  the  jmrtein 
regeneration  doctrine  had  only  an  old  teleological  reason,  based 
on  false  premises,  to  support  it,  and  who  consequently  regarded 
the  immediate  deaminization  theory  as  more  probable  and  reason- 
able, oiu-  facts  and  interpretations  will  appear  in  a  different  light 

As  for  oiu'selves,  we  hold  that  our  experimental  results  transfonn 
into  a  demonstrable  fact  the  theory  of  amino-acid  absorption 
unaccompanied  by  inunediate  deaminization  or  protein  regenera- 
tion. We  recognize  that  our  facts  need  verification,  and  any  one 
who  will  learn  to  use  oiu*  quantitative  methods  can  easily  repeat 
our  work. 

'  Amer.  Journ.  of  Physiol. j  xiii,  p.  117,  1905. 
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Abderhalden  constantly  overlooks  the  quantitative  aspect  of  our 
results  as  when  he  says  that  these  have  no  more  significance  than 
has  the  presence  of  traces  of  glycerin  in  the  blood  in  connection 
'writh  the  problem  of  fat  absorption,  or  when  he  says  that  we  must 
apply  his  and  Lamp^'s  qualitative  "indirekten  Bestinmnmgen" 
(p.  491)  in  order  to  obtain  a  correct  interpretation  of  oiu*  results. 

By  the  help  of  Abderhalden's  favorite  reagent,  triketo  hydrin 
hydrate,  or  nin  hydrin  as  he  now  calls  it,  we  have  no  doubt  that 
additional  interesting  confirmatory  tests  may  be  obtained,  and  we 
hope  that  he  will  continue  to  use  it,  and  that  he  will  also  apply  it 
to  the  study  of  the  absorption  of  amino-acids  from  the  stomach.* 
Since  there  is  not  any  reason  director  indirect,  theoretical  or  experi- 
mental, for  assuming  that  our  quantitative  results  on  the  absorp- 
tion and  distribution  of  amino-acids  are  less  valid  than  our  corre- 
sponding results  with  urea,  creatine  and  creatinine,  we  regard  the 
qualitative  tests  demanded  by  Abderhalden  as  interesting  and  valu- 
able to  be  sure,  but  nevertheless  only  as  merely  confirmatory.    In 
the  case  of  one  amino-acid,  t3n'osine,  we  did  substitute  a  qualitative 
test  and  by  its  help  were  able  to  trace  its  passage  into  the  blood 
and  muscles,  a  fact  which  Abderhalden  seems  to  have  overlooked. 
In  conclusion  we  think  that  Abderhalden  interpreted  somewhat 
unfairly  the  reservation  of  the  field  opened  by  our  technique.    The 
reservation  manifestly  referred  only  to  our  methods  of  studying 
the  problem,  i.e.,  by  the  help  of  our  new  anal3rtical  methods.    And 
it  was  evidently  thus  imderstood  by  Van  Slyke  and  Meyer,^  the  first 
to  bring  out  facts  which  verify  our  findings.    Moreover  in  the  paper 
describing  the  method,  only  three  months  later,  a  reprint  of  which 
was  in  Abderhalden's  possession,  we  revoked  the  reservation  in  the 
most  unmistakable  manner : '  *  We  hereby  expressly  revoke  our  earlier 
reservation  of  the  field  of  research  referred  to  in  those  papers  by 
means  of  these  methods. " 


*  Comment  on  Abderhalden' s  criticisms  on  the  demonstration  of  absorp- 
tion from  the  stomach  by  Folin  and  Lyman  is  superfluous  since  in  a  reply  to 
London  (this  Journaly  xiii,  p.  389,  1912)  that  matter  was  adequately  cov- 
ered. 

» This  Journal,  xii,  p.  399, 1912. 


ON  THE  TYROSINE  CONTENT  OF  PROTEINS— 
A  REPLY  TO  ABDERHALDEN  AND  FUCHS. 

By  otto  FOLIX  and  W.  DENIS. 
(^From  the  Biochemical  Laboratory  of  Harvard  Medical  School^  Boston.) 

(Received  for  publication,  April  9, 1913.) 

In  a  recent  paper  by  Abderhalden  and  Fuchs,'  entitled  "Uber 
den  Gehalt  der  Proteine  an  l-Tyrosin  iind  die  Genauigkeit  der 
Bestimmung  dieser  Aminosaure"  the  closing  sentence  reads  as 
follows: 

*'  Die  kolorimetrische  Methode  von  Folin  imd  Denis  vermag  die 
Bestinimung  des  Tyrosins  durch  Krystallisation  nicht  zu  ersetzen, 
weil  sie  auch  andere  Aminosauren  nachweist  und  infolgedessen  zu 
hohe  Werte  liefert/' 

The  statement  contained  in  the  above  sentence  is  given  as  though 
it  embodied  a  conclusion  derived  from  the  experimental  work  de- 
scribed in  the  paper  whereas  in  point  of  fact  it  represents  only 
an  opinion.  The  only  observation  recorded  by  Abderhalden  and 
Fuchs  in  support  of  that  opinion  is  that  tryptophai^  and  a  certain 
obscure  substance  ('*oxytryptophan*')  which,  so  far  as  we  know 
no  one  but  Abderhalden  has  yet  observed,  also  give  a  slowly  de- 
veloping blue  color  with  our  tyrosine  reagent. 

We  omitted  to  apply  our  color  reaction  to  tryptophane  partly 
because  we  had  none  on  hand  and  partly  because  we  assumed 
(perhaps  incorrectly)  that  very  little  tr^^ptophane  would  survive 
the  treatment  with  boiling  mineral  acids  which  we  employed  for 
splitting  oflf  the  tyrosine.  Further,  it  is  to  be  noted  that  the  excess 
of  tyrosine  indicated  by  our  method  is  no  greater  in  the  case  of 
casein  ^ith  1.5  per  cent  tryptophane  than  in  the  case  of  zein  which 
is  supposed  to  have  none.  For  the  former  we  obtained  6.5  per 
cent  as  against  4.5  per  cent  obtained  by  E.  Fischer,  for  the  latter 
our  figure  is  5.5  per  cent  as  against  Osborne^s  3,6  per  cent. 

*  Zeitschr.  f.  physiol.  Chem.,  Ixxxiii,  p.  468,  1913. 
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On  the  strength  of  Abderhalden's  observation  we  nevertbekaB 
concede  for  the  time  being  at  least  that  om*  tyrosine  figure  may 
be  somewhat  high  though  there  is  clearly  no  reason  to  believe  that 
an  adequate  explanation  of  the  difference  between  our  figures  and 
those  recorded  in  the  literature  are  to  be  explained  by  the  presence 
of  tryptophane.  Our  comparisons  were  made  with  the  tyrosine 
figures  already  in  the  literature  including  several  of  Abderhalden's. 
If  Abderhalden  and  Fuchs  have  now  (for  the  first  time)  succeeded 
in  working  out  a  method  for  a  quantitative  isolation  of  pure  tyro- 
sine, that  is  a  different  matter,  and  when  Abderhalden  on  the  basis 
of  his  new  method  has  published  revised  figures  for  the  tyroeine 
content  of  at  least  some  proteins,  we  shall  perhaps  know  whether 
our  figiu'es  represent  tyrosine  or  tyrosine  plus  something  dse. 
Until  he  has  done  so,  however,  we  would  rather  insist  that  our  tyro- 
sine figures  are  more  nearly  correct  than  those  heretofore  recorded 
in  the  literature. 


THE  mFUJENCE  OF  BASES  UPON  THE  RATE  OF 
OXIDATIONS  IN  FERTILIZED  EGGS. 

Bt  JACQUES  LOEB  and  HARDOLPH  WASTENEYS. 
{From  the  Rockefeller  InaiittUe  for  Medical  Research,  New  York.) 

(Received  for  publication,  April  18,  1913.) 

1 .  In  a  previous  paper  we  have  shown  that  the  weak  bases 
cause  a  more  rapid  and  greater  increase  in  the  rate  of  oxidations 
in  the  unfertilized  egg  than  the  strong  bases.*    This  result  differed 
in  principle  from  the  results  which  Warburg  obtained  while  work- 
ing on  fertilized  eggs.'    He  found  that  NH4OH  does  not  increase 
the  rate  of  oxidations  in  fertilized  eggs  of  Strongylocerdrotus  lividus 
at  Naples,  while  NaOH  does;  and  since  NH4OH  diffuses  into  the 
egg  while  NaOH  does  not,  he  concludes  from  this  that  the  effect 
of  OH  ions  on  oxidations  is  neither  determined  by  their  diffusion 
into  the  egg  nor  through  their  reaction  with  the  plasma  mem- 
brane, but  merely  through  their  presence  in  the  solution  surround- 
ing the  cell  (p.  316).    This  conclusion  does  not  harmonize  with 
the  results  which  we  obtained  with  the  imfertilized  egg,  in  which 
NH4OH  influenced  the  oxidations  more  strongly  than  the  NaOH. 
We  therefore  made  some  experiments  on  fertilized  eggs  in  order  to 
clear  up  if  possible  this  apparent  contradiction.   This  seemed  suffi- 
piently  important  since  it  affects  not  only  the  theory  of  fertilization 
but  also  the  problem  of  the  localization  of  oxidations  in  the  cell. 
Warburg  only  published  the  results  of  three  determinations  of 
the  rate  of  oxidations  at  three  different  concentrations  of  NaOH 
in  a  mixtiu'e  of  NaCl  +  KCl  +  CaClj  in  that  proportion  in  which 
these  salts  occur  in  the  sea  water.    His  results  were  as  follows: 

TABLE  L 
RaXe  of  oxidations  in  fertilized  eggs  of  Strongylocentrotus  lividtis  at  Naples . 


^ 


aoH 


COBmCIXNT  OF  OXIDATIONS 


10-»N  1.4 

10-«N  '  3.9 


No  segmentation. 
Normal  segmentation. 


10-* N  8.1  '  No  segmentation. 

'  Loeb  and  Wasteneys:  this  Journal,  xiv,  p.  355,  1913. 

» 0.  Warburg:  Zeitschr.  f.  physiol.  Chem,,  Ixvi,  p.  305,  1910. 
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Oxidations  in  Fertilized  Eggs 


It  seemed  of  importance  to  us  to  ascertain  -vdiether  indeed  the 
rate  of  oxidations  in  fertilized  eggs  increased  steadily  with  the 
increase  in  the  concentration  of  XaOH.  For  this  reason  experi- 
ments were  carried  on  with  the  fertilized  eggs  of  StrangyloceniroivM 
purpuratus  in  California.  Of  freshly  fertilized  ^gs  of  <Mie  femak 
a  homogeneous  suspension  was  made  and  this  was  divided  into 
five  equal  lots  which  were  then  distributed  into  five  diff^^ent  sohi- 
tions  of  NaCl  +  KCl  +  CaClj  (in  the  proportion  in  which  these 
salts  exist  in  the  sea  water)  and  various  quantities  of  ^  NaOH 
were  added. 

TABLE  n. 


XATCBE  or  THE  SOLUTIOIC 


Neutral  NaCl  +  KCl  +  CaCl,. 


ai  .>  ai^i  -f  ivvyi  -f  ^^av-.ii 

50  cc.  NaCl  +  KCl  4-  CaCl,  4-  0.3  cc.  A  NaOH 
50  cc.  NaCl  4-  KCl  -h  CaCl,  +  0.4  cc.  -^  NaOH 
50  cc.  NaCl  +  KCl  4-  CaCl,  4-  0.5  cc.  ts  NaOH 
50  cc.  NaCl  4-  KCl  4-  CaCl,  4-  0.6  cc.  -^  NaOH 

Neutral  NaCl  4-  KCl  4-  CaCl, 

50  cc.  NaCl  4-  KCl  4-  CaCl,  4-  0.7  cc.  -^  NaOH 
50  cc.  NaCl  4-  KCl  4-  CaCl,  4-  0.8  cc.  tt  NaOH 
50  cc.  NaCl  4-  KCl  4-  CaCl,  4-  0.9  cc.  w  NaOH 
50  cc.  NaCl  4-  KCl  4-  CaCl,  4-  1.0  cc.  y^r  NaOH 

Neutral  NaCl  4-  KCl  4-  CaCl,  (two  determina- 
tions)   

50  cc.  NaCl  4-  KCl  4-  CaCl,  4-  1.1  cc.  t^  NaOH 
50  cc.  NaCl  4-  KCl  4-  CaCl,  4-  1.2  cc.  w  NaOH 
60  cc.  NaCl  4-  KCl  4-  CaCl,  4-  1.3  cc.  w  NaOH 
50  cc.  NaCl  4-  KCl  4-  CaCl,  4-  1.4  cc.  ^  NaOH 


OXTGCn 
COmUMEO 


0.44 
0.48 
0.48 
0.50 
0.52 


0.47 

0.55 

0.71(?) 

0.68 

0.73 

0.41 
0.43 
0.76 
0.81 
0.89 
0.79 


cosmcicxT 

or  EATE 

oroxiDAnoss 


1.00 
1  OS 
1-08 
1.13 
1.18 


1.00 
1.17 

1.51(?) 
1  44 
1.55 


1.81 
1.93 
2  12 


injured) 


These  results  seem  to  indicate  one  point  clearly,  namely,  that 
the  addition  of  0.5  cc.  of  -hf  NaOH  or  less  to  50  cc.  of  salt  solution 
has  practically  no  eflfect  upon  the  rate  of  oxidations.  This  exgen- 
ment  was  repeated  (table  III). 

The  experiment  confirms  the  result  of  the  preceding  series.  The 
addition  of  0.4  cc.  or  less  of  -nf  NaOH  to  50  cc.  of  salt  solution  has 
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no  effect  upon  the  rate  of  oxidations  in  the  fertilized  egg,  and  the 
addition  of  0.8  ec.  of  w  NaOH  has  only  a  very  slight  effect. 


TABLE  ni. 


NATURE  OF  THB  SOLUTION 


Neutral  NaCl  +  KCl  4-  CaCl, 

50  cc.  NaCl  +  KCl  -f  CaClj  +  0.1  cc.  -^  NaOH 
60  cc.  NaCl  -f  KCl  +  CaCl,  +  0.2  cc.  ^  NaOH 
60  cc.  NaCl  -f  KCl  +  CaCl,  +  0.4  cc.  ^  NaOH 
60  cc.  NaCl  -f  KCl  +  CaCli  +  0.8  cc.  tt  NaOH 

We  next  tried  the  effect  of  another  strong  base,  namely,  tetra- 
ethylammoniumhydroxide,  on  the  rate  of  oxidations  in  fertilized 
eggs  of  *S.  jnirpuratus.    The  following  table  gives  the  result. 


XTOBN 

CUErriClBMT 

OF  RATE 

NBUMSO 

OF  OXIDATIONS 

mgn. 

0.58 

1.00 

0.58 

1.00 

0.53 

0.90 

0.60 

1.00 

0.83 

1.40 

TABLE  IV. 


NATURE  OF  THB  SOLUTION 


I      COBFFI- 
OXYOKN     I    CIXNTOF 
CONSUMED       RATE  OF 
OXIDATIONS 


Neutral  NaCl  +  KCl  +  CaCl, 

60  cc.  NaCl  4-  KCl  +  CaCl,  +  0.2  cc.  ^  N(Cja04OH. . 
50  cc.  NaCl  +  KCl  +  CaCl,  +  0.4  cc.  ^  N(C,H»)40H 
50  cc.  NaCl  4-  KCl  -f  CaCl,  +  0.5  cc.  ^  N(C,H»)40H. 


mgm. 

0.45 
0.44 
0.44 
0.47 


1.00 
1.00 
1.00 
1.00 


The  addition  of  0.5  cc.  of  ^  N(C2H6)40H  to  50  cc.  of  salt  solu- 
tion does  not  influence  the  rate  of  oxidation  in  the  fertilized  eggs 
of  S.  purpuraius.  The  addition  of  more  N(C2H6)40H  would  inter- 
fere too  much  with  the  analytical  result  and  was  not  undertaken. 

2.  Weak  bases  influence  the  rate  of  oxidations  in  the  fertilized 
egg  of  Strongylocentrotus  purpurattis  but  slightly.  This  is  shown 
in  table  V  for  NH4OH  and  in  table  VI  for  methylamine. 

This  result  agrees  with  the  observation  of  Warburg. 

3.  We  have  to  explain  two  groups  of  facts: 

L  The  apparent  difference  in  the  action  of  weak  and  strong 
bases  on  fertilized  eggs. 

2.  The  difference  in  the  reaction  of  fertilized  and  unfertilized 
eggs.    We  will  take  up  these  questions  in  succession.    The  fact 
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through  oxidations,  and  more 
the  strong  ones,  ennce  the  we 
the  egg.  Since  the  spemutto 
becomes  clear  that  the  rate  0 
no  longer  affected  by  weak  bas 


1.  It  is  shown  that  bases  inl 
ently  in  the  fertilized  and  ue 
purpuratus. 

2.  Strong  bases,  like  NaOH  f 
of  oxidations  in  the  fertilized 
concentration  is  above  IO-'n: 
phenomena  of  development  of 

3.  Weak  bases,  like  NH^OI 
rate  of  oxidations  in  the  ferti 
being  that  the  weak  bases  are 
in  the  concentrations  admissil 
(etching?)  effects  which  the  h 
this  case. 

4.  These  fact*  do  not  warn 
locahzation  of  the  normal  proc 


AN  IMPORTANT  CHEMICAL  DIFFERENCE  BETWEEN 
THE  EGGS  OF  THE  SEA  URCHIN  AND 
THOSE  OF  THE  STAR-FISH. 

Bt  a.  p.  MATHEWS. 
(From  the  Marine  Biological  Laboratory,  Woods  Hole.) 

(Received  for  publication,  April  21,  1913.) 

The  eggs  of  the  sea  urchin,  Arbada  punctiUata,  differ  markedly 
in  their  physiological  properties  from  those  of  the  star-fish,  Asterias 
forbesii.  The  sea-urchin  egg  is  remarkably  stable,  resistant  to 
oxidation,  has  a  very  low  rate  of  respiration  and  is  not  easily 
stimulated  to  artificial  parthenogenesis;  the  star-fish  efeg,  on  the 
other  hand,  is,  after  maturation,  very  easily  oxidized,  has  a  rapid 
rate  of  respiration,  forms  sulphiwetted  hydrogen  when  mixed  with 
sulphur,  is  easily  destroyed  by  oxygen,  easily  liquefied  by  heat 
and  is  easily  cytolyzed  by  anesthetics.  It  is  readily,  even  by  shock, 
caused  to  develop  parthenogenetically.  Moreover  after  matura- 
tion a  steady  growth  of  the  nucleus  takes  place,  whereas  in  Arbacia 
the  nucleus  after  maturation  remains  of  a  very  small  size. 

Five  or  six  years  ago  I  found  an  important  chemical  difference 
between  these  eggs  to  be  that  cholesterol  was  lacking  in  the  star- 
fish egg,  but  present  in  some  quantity  in  that  of  the  sea  urchin. 
In  view  of  the  relation  of  cholesterol  to  hemolysis  this  observation 
offers  a  possible  explanation  of  the  great  ecise  of  cytolysis  of  the 
star-fish  egg  as  compared  with  the  sea-urchin. 

The  eggs  were  pressed  from  the  ovary  through  cheese-cloth  to 
remove  the  connective  tissue,  and  the  mass  then  extracted  three 
times  with  a  large  amoimt  of  95  per  cent  alcohol,  boiling  for  one 
hour  each  time,  and  then  once  with  boiling  ether.  The  imited 
extracts  were  evaporated  on  the  water  bath,  the  residue  extracted 
with  ether  repeatedly,  filtered  from  insoluble  substances,  and  the 
ether  poured  into  acetone.  The  fat  and  cholesterol  remain  in 
solution;  the  lecithin  is  precipitated.  The  acetone  filtrate  was 
evaporated  to  dryness,  the  oily  residue  saponified  with  alcoholic 
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sodium  hydrate  and,  af 
some  water,  was  shakei 
was  washed  several  tin 
evaporated  to  dryness, 
not  crystalline;  it  lookec 
for  cholesterol  either  by 
method.  I  have  repeal 
varying  the  procedure  b 
one  occasion  when  the  i 
the  ether  after  repeated 
gave  a  very  faint,  tran 
the  Liebermann  test,  am 
of  cholesterol  present,'  bi 
of  the  fact  that  the  col 
doubtful  whether  there 
It  could  not  be  positive 
cholesterol  in  combinatit 
chard  reaction  very  stro 

The  same  methods  ap 
a  crystalline  mass  on  e\ 
the  crystals  looked  like 
of  Salkowski.  I  may  s; 
the  star-fish  contains  eh 

Another  very  interest 
character  of  its  phosphat 
Drechsel.  A  large  quan 
and  ether;  the  lecithin  ( 
the  u.suai  way,  redissolvi 
tated  with  acetone  and 
quite  clear  in  the  ether 
when  standing  in  the  cc 
the  etlier  had  a  sweet  t 
ling's  solution  either  bef( 
The  phosphatide  thus  p 
from  tlje  brain  or  eggs 
mye  in  forms  when  shal 
for  soa-urchin  eggs.  It 
contains  a  large  amount 
glucose,  amounts  to  10.5 
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sugar  was  not  determined;  an  osazone  was  prepared;  the  fermen- 
ta.tion  test  was  indecisive.  The  lecithin  itself  does  not  reduce 
Fehhng^s  solution  but  only  after  it  has  been  heated  with  acid. 
I  heated  it  for  ten  hours  with  3.5  per  cent  HCl  and  determined 
the  sugar  by  the  reduction  of  Fehling's  solution  according  to  the 
method  of  Munson  and  Walker.  This  phosphatide  also  contains 
sulphuric  acid  in  an  ester  form  like  Koch's  sulphatide.  It  con- 
tained in  a  single  analysis  1.19  per  cent  of  sulphur  in  an  oxidized 
form.  This  is  in  organic  combination.  The  fatty  acids  are  very 
largely  oleic,  or  a  similar  acid,  having  an  ether-soluble  lead  salt, 
The  analysis  of  this  impure  phosphatide  resulted  as  follows: 

Glucose  (?) 10.51  per  cent. 

Fatty  acids 46.16  per  cent. 

Phosphorus 3.57  per  cent. 

Sulphur 1.19  per  cent. 

Of  the  fatty  acid  approximately  71.35  per  cent  was  recovered 
as  oleic  (?)  acid.  This  phosphatide  also  contains  a  considerable 
amount  of  magnesimn,  but  I  did  not  determine  it  quantitatively. 

I  may  mention  that,  of  the  total  ether-soluble  portion  of  the 
alcohol-ether  extract  of  these  eggs,  the  lecithin  in  one  case  weighed 
O.6105  gram;  the  fat,  the  part  not  precipitated  by  acetone,  0.6055 
gram;  so  that  there  are  about  equal  quantities  of  fat  and  lecithin. 

SUMMARY. 

Cholesterol  is  either  absent  altogether  or  present  in  very  small 
amount  in  the  star-fish  egg.  It  could  not  be  positively  found  in 
the  eggs  of  Asterias  forbesii.  It  is  present  in  considerable  quan- 
tities in  the  sea-urchin  egg.  This  difference  possibly  is  correlated 
with  the  greater  sensitiveness  to  cytolysis  of  the  star-fish  egg.  The 
phosphatide  of  the  star-fish  contains  about  10  per  cent  of  a  re- 
ducing sugar  in  firm  combination  and  also  sulphuric  acid. 


THE  INFLUENCE  OF  HYPERTONIC  SOUJTION  UPON 
THE  RATE  OF  OXIDATIONS  IN  FERTILIZED 
AND  UNFERTILIZED  EGGS. 

By  JACQUES  LOEB  and  HARDOLPH  WASTENEYS. 
(From  the  Rockefeller  Institute  for  Medical  Research j  New  York.) 

(Received  for  publication,  April  21,  1913.) 

I. 

In  a  series  of  papers  published  since  1905  one  of  the  writers 
has  shown  that  in  the  egg  of  the  sea  urchin  the  initiation  of  normal 
development  requires  two  different  agencies.  The  one  is  needed 
to  call  forth  a  typical  change  in  the  surface  of  the  egg  which  re- 
sults in  the  formation  of  a  more  or  less  typical  "fertilization  mem- 
brane. "  This  change  causes  the  egg  to  segment  and  if  the  tem- 
perature is  low  some  of  these  eggs  may  reach  an  early  larval  stage. 
At  room  temperature,  however,  the  eggs  begin  to  disintegrate 
after  artificial  membrane  formation,  as  a  rule,  during  the  first 
cell  division.  These  facts  prove  that  the  artificial  membrane 
formation  (e.g.,  by  butyric  acid)  suffices  to  set  the  whole  machinery 
of  cell  division  and  development  into  motion  but  that  the  egg 
is  sicUyand  disintegrates  the  more  rapidly  the  higher  the  tempera- 
ture.^ 

It  was  shown  by  the  same  author  that  this  disintegration  after 
artificial  membrane  formation  is  retarded  or  suppressed  if  we 
deprive  the  egg  of  oxygen  or  if  we  retard  the  rate  of  oxidations 
in  the  egg  through  the  addition  of  a  trace  of  KCN.  The  addition 
of  a  suflScient  amount  of  chloral  hydrate  (or  probably  any  other 
narcotic)  acts  in  the  same  way,  although  chloral  hydrate  does  not 
lower  the  rate  of  oxidations.  But  all  these  agencies  have  one 
object  in  common,  namely,  that  they  inhibit  the  processes  of 
nuclear  and  cell  division.    The  disintegration  of  the  unfertilized 

*  Loeb:  Die  chemische  Entwicklungserregung  des  tierisch^  Eies,  Berlin. 
1909;   The  Mechanistic  Conception  of  Life,  1912. 
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egg  after  membrane  formation  is  therefore  connected  either  with 
oxidations  or  with  the  nuclear  and  cell  divisions  consequent  upcm 
oxidations.  We  can  cure  the  egg  from  this  disease  by  one  of  two 
agencies :  We  either  put  it  for  a  short  time  (from  30  to  60  minutes) 
uito  a  neutral  hypertonic  solution;  or  we  put  it  for  a  longer  tin^ 
(about  3  hours)  into  sea  water  which  is  free  from  oxygen  or  which 
contains  some  KCN.  The  former  method  gives  more  unifonn 
results.     Such  eggs  develop  into  larvae  at  room  tempauture. 

These  results  gained  in  importance  since  it  could  be  shown  that 
the  developmental  effect  of  the  spermatozoon  is  also  due  to  two 
different  agencies,  one  of  which  causes  merely  membrane  forma- 
tion while  the  other  produces  the  corrective  effect.^ 

Warburg  had  already  found  that  the  artificial  membrane  fonna- 
tion  raises  the  rate  of  oxidations  in  the  egg  to  the  same  hei^t  as 
the  entrance  of  the  spermatozoon,  as  was  to  be  expected  and  as  we 
were  able  to  confirm.'  Since  Loeb  had  found  that  the  hypotonic 
solution  acts  only  in  the  presence  of  free  oxygen  and  that  its  action 
is  suppressed  by  the  addition  of  a  trace  of  KCN,  it  was  of  interest 
to  find  out  whether  or  not  the  hypertonic  solution  alters  the  rate  of 
oxidations  in  the  egg  after  artificial  membrane  formation.  The 
experiments  were  made  in  this  way,  that  the  rate  of  oxidations 
in  the  eggs,  after  artificial  membrane  formation,  was  detomineA 
first  in  normal  sea  water  and  later  in  hypertonic  solution. 

These  experiments  are  by  no  means  simple,  since  it  is  necessaiy 
that  all  the  eggs  possess  membranes;  for  we  shall  see  afterwanfe 
that  in  unfertilized  eggs  without  membranes  the  hypertonic  solu- 
tion causes  a  decided  rise  in  the  rate  of  oxidations. 

The  unfertilized  eggs  of  one  female,  Strongylocentrotus  pwrpff- 
atusy  were  divided  into  six  equal  parts.  Two  remained  unaltered 
and  served  as  checks.  The  eggs  of  two  lots  were  treated  with 
butyric  acid  and  all  formed  membranes.  One  of  these  lots  was 
put  into  normal  sea  water,  the  other  into  hypertonic  sea  water 
(50  cc.  sea  water  +  8  cc.  ^  NaCl)  such  as  is  used  to  cause  the 
eggs  to  develop  normally  after  artificial  membrane  formation. 
The  fifth  lot  was  fertilized  with  sperm.  The  sixth  lot  served  for 
some  other  experiment  which  does  not  concern  us  here.  The 
eggs  remained  in  each  solution  one  hour.    Temperature  18°C. 

*  Loeb:  loc.  di, 

'  Warburg:  Zeitschr.  f.  physiol.  Chem.^  Ixvi,  j).  305,  1910. 
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1.  Unfertilized  eggs  in  normal  sea  water  (con- 

trol 1) 

2.  Unfertilized  eggs  in  normal  sea  water  (con- 

trol 2) 

3.  Unfertilized  eggs  after  membrane  formation 

in  normal  sea  water 

4.  Unfertilized  eggs  after  membrane  formation 

in  hypertonic  sea  water 

5.  Fertilized  eggs  in  normal  sea  water 


OXTOBN 
CON8UMBD 


mgm. 

0.12 

0.12 

0.53 

0.54 
0.57 


COEPFICIBNT 
OP  OXIDATIONS 


1.00 
1.00 

4.40 

4.50 
4.70 


It  is  obvious  that  the  hypertonic  solution  does  not  increase  the 
rate  of  oxidations  in  the  unfertilized  eggs  after  artificial  membrane 
formation.  Table  II  gives  the  result  of  a  second  experiment  of 
the  same  kind.    Temperature  15**C. 


TABLE  II. 


1.  Unfertilized  eggs  in  normal  sea  water 

2.  Unfertilized  eggs  after  membrane  formation 

in  normal  sea  water 

3.  Unfertilized  eggs  after  membrane  formation 

in  h3rpertonic  sea  water 

4.  Fertilized  eggs  in  normal  sea  water 


OXTOBN 
CONBUUED 
FEB  HOUR 


mgm. 

0.18 

0.85 

0.88 
0.82 


COEFFICIENT 
OF  OXIDATIONS 


1.00 

4.72 

4.88 
4.55 


The  result  is  identical  with  that  in  table  I.  Membrane  forma- 
tion raises  the  rate  of  oxidations  to  the  same  height  as  fertilization, 
but  the  subsequent  treatment  of  these  eggs  with  the  hypertonic 
solution  has  no  effect  upon  the  rate  of  oxidations.  This  experiment 
was  repeated  three  times  with^he  same  results  as  shown  in  Table 
III.    The  oxygen  consumption  is  always  for  one  hour  at  18°C. 

All  these  experiments  prove  conclusively  that  the  curative  effect 
of  the  hypertonic  solution  after  the  artificial  membrane  formation 
is  not  due  to  an  increase  in  the  rate  of  oxidations  in  the  egg.  It 
cannot  be  said,  however,  that  it  is  independent  of  oxidations, 
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TABLE  in. 


NITMBBR  or 
EXPCRIMBirr 


ozrexx 

CO30UMBO 

rttR  mourn 


or  oaoBAikCMB 


Unfertilised  eggs  after  membrane 

formation  in  normal  sea  water 0 .  83       I       1 .00 

Unfertilised  eggs  after  membrane  ' 

formation  in  hypertonic  sea  water. ;  0 .  74  0 .  90 
Unfertilised  eggs  after  membrane  j 

formation  in  normal  sea  water I  0 .  52  1 .  00 

Unfertilized  eggs  after  membrane  j 

formation  in  hypertonic  sea  water.  {  0 .  54  1 .  04 
Unfertilised  eggs  after  membrane  i 

formation  in  normal  sea  water 0 .  74  1 .  00 

Unfertilised  eggs  after  membrane 

formation  in  hypertonic  sea  water. '  0 .  70  0 .90 


since  the  curative  effect  of  the  hypertonic  solution  is  retarded  or 
suppressed  if  the  oxidations  in  the  egg  are  suppressed.  Led) 
formerly  suggested  that  through  the  exposure  to  the  hypertonic 
solution  an  oxidation  product  is  formed  in  the  egg  whereby  the 
latter  is  saved  from  the  threatening  dimnt^ration.  It  may  be 
that  an  injurious  substance  contained  in  the  egg  after  membrane 
formation  is  destroyed  or  that  a  new  substance  lacking  in  the  egg 
is  supplied.  The  same  curative  effect  can  be  produced  more 
slowly  through  other  processes  in  the  egg  which  take  place  in  the 
absence  of  oxygen. 

II.    THE    INFLUENCE  OP    HYPERTONIC  SOLUTIONS   UPON  THE  RATE 

OP  OXIDATIONS  IN  FERTILIZED  EGOS. 

Since  the  unfertilized  egg  after  artificial  membrane  formation 
behaves  in  regard  to  oxidations  like  a  fertilized  egg,  it  was  of  inter- 
est to  find  out  whether  or  not  the  hypertonic  solution  accelerates 
the  rate  of  oxidations  in  eggs  fertilized  by  sperm.  0.  Warburg 
states  that  this  is  the  case,  and  that  the  increase  may  be  300  per 
cent.*  We  absolutely  failed  to  notice 'any  increase  in  the  rate  of 
oxidations  when  the  eggs  of  S,  purpuratus  were  put  into  hypertonic 
sea  water,  no  matter  how  great  the  degree  of  hypertonicity. ,  In 

*  Warburg:  Zeitschr.  f.  physioL  Chem,  Ix,  p.  442,  1909. 
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of  the  experiments,  1-3,  the  rate  of  oxidations  was  successively 
zxxeasured  in  the  same  eggs  for  one  and  a  half  hours  in  normal  sea 
^wrater,  and  then  for  one  hour  in  the  hypertonic  sea  water.  In 
t^Lie  experiments  4-7  the  eggs  of  the  same  female  were  divided  into 
oight  equal  parts;  four  of  these  were  put  into  normal  sea  water, 
t:lie  others  into  hypertonic  sea  water  of  diflferent  concentrations. 
TTiis  experiment  may  incidentally  also  serve  as  a  check  for  the  ac- 
curacy of  the  method. 

The  temperature  was  18**C.  and  the  consumption  of  oxygen 
zneasured  for  one  and  a  half  hours.    Table  IV  gives  the  results. 

There  can  be  no  doubt  about  the  fact  that  the  hypertonic  solu- 
tion does  not  increase  the  rate  of  oxidations  in  the  fertilized  egg  of 
Strongylocentrotus  purpurattts.    This  harmonizes  with  our  previous 


TABLE  IV. 


NUMBBB  OP 
BXPERIMSNT 


6 


OXYGEN 
CONSUMED 


fngtn. 

Fertilised  eggs  in  normal  sea  water.  0.87 
Fertilized  eggs  in  50  ec.  normal  sea 

water  +  8  cc.  -^  NaCl 0.86 

Fertilized  eggs  in  normal  sea  water.'  0.60 
Fertilized  eggs  in  50  cc.  normal  sea 

water  +  8  cc.  -~  NaCl 0.52 

Fertilized  eggs  in  normal  sea  water.  0.55 
Fertilized  eggs  in  50  cc.  normal  sea  , 

water  +  8  cc.  -^  NaCl. '. 0.59 

Fertilized  eggs  in  normal  sea  water. )  1.30 
Fertilized  eggs  in  50  cc.  normal  sea  j 

water  +  4  cc.  -y-  NaCl I  1 .27 

Fertilized  eggs  in  normal  sea  water.'  1.30 
Fertilized  eggs  in  50  cc.  normal  sea 

water  +  12  cc.  -y-  NaCl 1.54 

Fertilized  eggs  in  normal  sea  water. '  1 .  33 
Fertilized  eggs  in  50  cc.  normal  sea  j 

water  +  12  cc.  —  NaCl 1.53 

Fertilized  eggs  in  normal  sea  water.  1 .  33 
Fertilized  eggs  in  50  cc.  normal  sea 

water  +  16  cc.  --  NaCl 1.57 


COEFFICIKNT 

OF  RATE 

or  OXIDATIONS 


1.00 


0.99 
1.00 

0.87 
1.00 

1.07 
1.00 

0.98 
1.00 

1.20 
1.00 

1.20 
1.00 

1.20 
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result  that  the  hypertonic  solution  does  not  increase  the  rate  of 
oxidations  in  unfertilized  eggs  of  the  same  species  after  artifical 
membrane  formation,  since  the  membrane  formation  is  the  es- 
sential feature  in  the  causation  of  development  by  sp^m  or  by 
artificial  means. 

in. 

The  fact  that  a  hypertonic  solution  does  not  increase  the  rate  of 
oxidations  in  the  unfertilized  eggs  after  artificial  membrane 
formation  seems  at  first  sight  to  contradict  an  observatkm 
made  by  Warburg  at  Naples,  that  the  hjrpertonic  solution  raised 
the  rate  of  oxidations  in  unfertilized  eggs  (which  have  not  been 
submitted  to  the  process  of  membrane  formation).  Warbun^ 
found  that  the  hypertonic  solution  raises  the  rate  of  oxidations 
in  such  eggs  as  much  as  ten  times.*  We  repeated  these  experi- 
ments on  the  eggs  of  Strongylocentrotus  purpuratus  at  Pacific 
Grove,  and  were  able  to  confirm  Warburg's  results  although  the 
rise  in  the  rate  of  oxidations  was  much  smaller  than  that  observed 
in  his  experiments.  In  our  experiments  the  rate  of  oxidations 
was  first  determined  for  one  and  a  half  hours  in  normal  sea  water 
and  then  for  one  and  a  half  hours  in  hypertonic  sea  wat^.  Table 
V  on  the  following  page  gives  the  results.  The  temperature 
was  18°C. 

It  should  be  pointed  out  that  experiments  2  and  3,  and  4  and  5, 
are  made  on  equal  lots  of  eggs.  The  results  may  serve  as  a  check 
for  the  accuracy  of  the  method. 

The  question  arises:  Why  is  it  that  the  hypertonic  solution 
causes  a  rise  in  the  rate  of  oxidations  in  the  unfertilized  egg  with- 
out membrane  formation,  while  it  has  no  such  eflfect  on  the  same 
^gs  after  membrane  formation?  The  answer  is  that  the  hj'pcr- 
tonic  solution  can  cause  the  membrane  formation  and  that  it  onhr 
raisas  the  rate  of  oxidations  in  those  eggs  in  which  it  causes 
membrane  formation.  In  Loeb's  original  method  of  causing 
artificial  parthenogenesis  by  merely  putting  the  ^gs  into  a  hyper- 
tonic solution,  the  hypertonic  solution  had  two  kinds  of  effect: 
it  caused  first  the  membrane  formation  (or  the  formation  of  a 
gelatinous  surface  film)  and  at  the  same  time  furnished  the  cura- 
tive eflfect. 

*  Warburg:  Ztit-^chr.f,  physiol.  Chem.y  Ix,  p.  443,  1909. 
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TABLE  V. 


ITUBER  OF 
KBIMENT 


UNFERTILIZED   EOOB  WITHOUT  MEMBRANES  IN 


6 


s 


9 


10 


11 


Normal  sea  water 

Hypertonic  (50  cc.  sea  water  -f  4  cc. 

-^NaCl) 

Normal  sea  water 

Hypertonic  (50  cc.  sea  water  -f  6  cc. 

^j**  NaCl) 

Normal  sea  water 

Hypertonic  (50  cc.  sea  water  -f  6  cc. 

•^NaCl) '. 

Normal  sea  water 

Hypertomc  (50  cc.  sea  water  -f  6  cc. 

-y-NaCl) 

Normal  sea  water 

Hypertonic  (50  cc.  sea  water  -f  8  cc. 

-—NaCl) 

Normal  sea  water 

Hypertonic  (50  cc.  sea  water  -f  8  cc. 

^^  NaCl) 

Normal  sea  water. . . : 

Hypertonic  (50  cc.  sea  water  -f  9  cc. 

-^NaCl) 

Normal  sea  water 

Hypertonic  (50  cc.  sea  water  -f  9  cc. 

-^NaCl) 

Normal  sea  water 

Hypertonic  (50  cc.  sea  water  -f  9  cc. 

^2    NaCl) 

Normal  sea  water 

Hypertonic  (50  cc.  sea  water  -f  12 

<^c.  ^*^NaCl) 

Normal  sea  water 

Hypertonic  (50  cc.  sea  water  -f  16 

cc.  -^^^  NaCl) 


OXTOEN 
CONSUMED 


0.45 

0.65 
0.50 

0.92 
0.49 

0.84 
0.33 

0.73 
0.35 

0.73 
0.46 

1.19 
0.48 

1.23 
0.29 

0.90 
0.30 

0.67 
0.56 

1.29 
0.38 

0.97 


.     COEFTICIENT 
I  OP  RATE 

,  OF  OXIDATIONS 


1.00 

1.40 
1.00 

1.80 
1.00 

1.70 
1.00 

2.20 
1.00 

2.50 
1.00 

2.60 
1.00 

2.60 
1.00 

3.10 
1.00 

2.20 
1.00 

2.30 
1.00 

2.60 
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That  the  hypertonic  solution  can  cause  a  cytolytic  effect  upon 
the  cortical'Iayer  of  the  egg  was  shown  by  experiments  on  the  egp 
of  LoUia  (a  mollusc)  whose  chorion  can  be  liquefied  by  hypertonk 
solutions  as  well  as  by  bases,  if  free  oxygen  is  i»«seiit.* 

That  the  two  agencies,  the  membrane-forming  and  the  corTec- 
tive  one,  can  act  simultaneously  is  not  surprising.  The  same  fstt 
can  be  shown  for  bases.  It  is  immaterial  urtieth^  the  base  b 
applied  first  and  is  then  followed  by  the  cprrectiYe  action  of  the 
hypertonic  solution  or  whether  both  agencies  are  applied  simul- 
taneously. 

In  our  experiments  the  effect  of  the  hypertonic  solution  upon 
oxidations  was  smaller  than  that  caused  by  m^iibrane  fonnatkn 
with  but>Tic  acid.  In  the  latter  case,  the  rate  of  oxidations  wa? 
raised  from  four  to  six  times,  while  the  hjrpertonic  soluticxi,  when 
acting  up>on  unfertilized  ^gs  without  m^nbrane  formation,  raised 
the  rate  as  a  rule  to  not  more  than  two  and  one-half  lyul  at  the 
utmost  three  times  the  amount  observed  in  the  same  eggs  in  nor- 
mal sea  water.  This  difference  can  be  accounted  for  dther  by 
the  fact  that  an  exposiure  of  one  and  a  half  hours  of  ihe  eggs  of 
S.  purpuratus  to  hypertonic  sea  water  as  a  rule  does  not  suffice  to 
bring  about  membrane  formation  and  devdopm^it;  or  by  the 
fact  that  these  experiments  were  made  early  in  the  season  when 
fertilization  did  not  raise  the  rate  of  oxidations  as  much  as  it 
did  later  in  the  season. 

We  repeated  these  experiments  later  in  the  season  to  find  out 
whether  the  rate  of  oxidations  would  increase  if  the  eggs  renuuned 
a  longer  time  in  the  hypertonic  sea  water.  The  temperature  was 
18°C.    The  consumption  of  oxygen  was  determined  for  each  hour. 


TABLE  VL 


uirrsBTiuzsD  eoob  in 


oxroKir 

CONBUMBD 


Normal  sea  water ,  0. 16 

Hypertonic  sea  water;  Ist  hour i  0.67 

Hypertonic  sea  water;  2d  hour i  0.79 

Hypertonic  sea  water;  3d  hour i  0.64 

Hypertonic  sea  water;  4th  hour i  0.56 

Hypertonic  sea  water;  5th  hour I  0.51 

•  Loeb:  Univ.  of  Calif.  PubL  Physiol.,  iii,  1905. 


ctwFnorsT 
or  lATC  or 

OXIDAtlOia 


100 
4.18 
494 
4.00 
355 
3.18 
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repetition  of  the  experiment  gave  a  similar  result.    In  thia 
the  hypertonic  solution  had  the  same  effect  upon  the  rate  of 
o:3ci<]ations  as  fertilization  or  membrane  formation.     It  may  also 
t>e    that  by  chance  we  are  dealing  in  this  case  with  the  eggs  of 
€L  £emale  which  were  very  susceptible  to  the  treatment  with  hyper- 
tonic solution  while  in  the  previous  experiments  the  eggs  had  been 
more  or  less  refractory.    As  we  stated,  not  the  eggs  of  every 
female  of  purpuratus  develop  if  treated  with  hypertonic  sea  water. 
These  results  support  also  the  idea  that  the  rise  in  the  rate  of 
o»dations  is  due  to  the  membrane-forming  action  of  the  hyper- 
tonic solution,  which  of  course  takes  place  during  the  first  two 
hours.    We  see  that  the  maximal  increase  in  the  rate  of  oxidations 
t>Akes  place  during  that  time. 

IV. 

If  it  is  true  that  the  increase  in  the  rate  of  oxidations  observed 

in  these  cases  is  merely  due  to  the  membrane-forming  effect  of  the 

hypertonic  solution,  we  should  expect  that  if  we  add  a  weak  base 

to  the  hypertonic  solution,  the  increase  in  the  rate  of  oxidations 

should  be  no  greater  than  that  caused  by  the  weak  base  alone, 

the  reason  being  that  the  weak  base  alone  causes  the  membrane 

formation.^    This  reasoning  is  supported  by  facts.    The  rate  of 

oxidations  was  compared  in  imfertilized  eggs  (without  membranes) 

in  alkaline  sea  water  and  hypertonic  sea  water  to  which  the  same 

amoimt  of  base  had  been  added.    The  hypertonic  sea  water 

consisted  of  50  cc.  sea  water  +  8  cc.  -^f-  NaCl  +  KCl  +  CaClj. 

The  ^gs  were  distributed  into  equal  portions.    One-half  was  put 

into  50  cc.  of  sea  water  +  1  cc.  of  the  base;  the  other  half  of  the 

^gs  was  first  put  into  normal  sea  water  and  then  into  50  cc.  of 

hjrpertonic  sea  water  +  1  cc.  of  the  same  base.    Time  of  exposure 

one  and  a  half  hours;  temperature  18®C. 


'  Loeb:  Journ.  of  Exp.  Zoology ^  xiii,  p.  577,  1912. 
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NCUBBB  OF 
CXPEBtMENT 


TABL£  VTL 


r^CTKBTfUZCD  BOOS  (WITHOITT  MKU- 

l)   IK 


OXTGKX 
COTSrVKO 


or  UATt  or 


Nonnal  sea  water.'.     0.22 

50  cc.  hypertonic  sea  water  +  1  cc. 

-ftNH^OH JL.20 

50  cc.  normal  sea  water  -f  1  cc.  jV 

NH«OH 0  88 

Normal  sea  water 0.37 

50  cc.  h5rpertonic  sea  water  -h  1  cc. 

jjf  benzyiamine 1 .  89 

50  cc.  normal  sea  water  -f-  1  cc.  -^ 

benzylamine 1 .75 

Normal  sea  water 0.36 

50  cc.  hypertonic  sea  water  +  1  cc. 

•rV  butylamine 1 .73 

50  cc.  normal  sea  water  -f  1  cc.  tt 

butylamine 1.67 


1  OO 
5  40 

4  00 
1  00 

5  10 

4  70 
1  00 

4,») 

4  60 


It  is  obvious  that  the  weak  base  alone  raised  the  rate  of  oxida- 
tions practically  to  the  same  height  as  the  combination  of  base  and 
hypertonic  sea  water.  The  whole  rise  was  due  to  the  m«nbrane- 
forming  eflfect  for  which  the  weak  base  was  sufficient. 

In  the  case  of  a  strong  base,  the  result  may  be  different,  since 
neither  the  base  nor  the  hypertonic  solution  alone  may  cause  mem- 
brane formation  (or  the  change  in  the  cortical  layer  of  the  egg) 
necessary  for  development.  The  following  may  serve  as  an  ex- 
ample. Duration  of  experiment  one  and  a  half  hours;  tem- 
perature 18°C. 


TABLE  vin. 


UNFERTILIZED  EOOB  (WITHOCT  MBMBRAKX 
FORMATION)  IN 


OXTGEN 
CONBtHED 


mgm. 

Normal  sea  water 0 .  41 

.50  cc.  hypertonic  sea  water  +  1  cc.  -nr  NaOH O.Sl 

.50  cc.  normal  sea  water  +  1  cc.  -nr  NaOH 0  46 


coKmaurr 
OP  KATmor 

OXID4TtO?n 


1  00 
2.00 
I  30 


In  this  case  the  NaOH  had  little  effect  and  hence  the  hj-per- 
tonicity  caused  a  noticeable  increase  in  the  rate  since  it  probably 
increased  the  number  of  eggs  in  which  the  process  of  membrane 
formation  was  started. 
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V. 

Finally,  we  wish  to  report  an  experiment  which  does  not  strictly 
belong  here  but  which  shows  that  the  mere  cytolysis  of  the  cortical 
layer  is  responsible  for  the  increase  in  the  rate  of  oxidations  ob- 
served after  membrane  formation  either  by  a  spermatozoon  or 
by  butjTic  acid.  It  is  possible  to  cause  complete  cytolysis  of  the 
unfertilized  egg  of  S.  jmrpuraius  with  saponin  and  we  found  that 
this  increases  the  rate  of  oxidations  to  the  same  extent  as  fertili- 
zation by  sperm.  The  following  may  serve  as  an  example.  Unfer- 
tilized eggs  of  S,  purpuratus  were  used;  temperature  15**C. 

TABLE  IX. 

OXYOSN  COKKFICIENT 

CONSUMED       '      OF  RATE  OP 
I        PER  HOUR        I      OXIDATIONS 

I  mgm.  \ 

Unfertilized  eggs |  0.15  .        1.00 

The  same  eggs  after  cytolysis  with  saponin i  1 .  07  '        7 .  10 

Unfertilized  eggs !  0.22  1 .00 

The  same  eggs  after  cytolysis  with  saponin '  0.80  3. 60 


The  variation  in  the  effect  of  cytolysis  in  the  two  experiments 
may  be  due  to  the  fact  that  in  the  second  experiment  an  exces- 
sive amount  of  saponin  was  used. 

This  experiment  proves  that  the  increase  in  the  rate  of  oxida- 
tions due  to  fertilization  or  artificial  membrane  formation  is  merely 
caused  by  the  cytolysis  of  the  cortical  layer. 

VI.   THEORETICAL  REMARKS. 

It  seems  that  all  the  experiments  point  very  clearly  towards  one 
conclusion/ namely ,  that  the  hypertonic  solution  raises  the  rate 
of  oxidations  in  the  unfertilized  eggs  of  S.  purpuratus  only  under 
one  condition,  i.e.,  if  it  causes  the  change  at  the  surface  of  the 
egg  underlying  membrane  formation.  In  eggs  which  have  under- 
gone the  process  of  membrane  formation  either  by  fertilization 
or  by  a  treatment  with  butyric  acid,  the  hypertonic  solution 
causes  no  further  increase  in  the  rate  of  oxidations. 
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SUMMARY. 

1.  The  unfertilized  eggs  of  sea  urchins  which  have  undergone 
artificial  membrane  formation  die  if  not  treated  with  a  hypertonk 
solution.  It  is  shown  in  these  experiments  that  the  rate  of  oxida- 
tions in  such  eggs  is  not  increased  by  the  hypertonic  solution. 

2.  It  is  shown  that  the  hypertonic  solution  does  not  cause  as 
increase  in  the  rate  of  oxidations  of  fertilized  ^gs  of  StrongyUy- 
centrotiis  purpuratus. 

3.  Hypertonic  solutions  increase  the  rate  of  oxidations  in  unfer- 
tilized eggs  which  have  not  undergone  the  process  of  membrane 
formation,  as  Warburg  observed.  This  increase  is  purely  due  to 
the  fact  that  the  hypertonic  solution  induces  the  change  in  the 
cortical  layer  of  the  ^;g  which  leads  to  membrane  formation. 

4.  This  conclusion  is  supported  by  the  fact  shown  in  this  paper, 
that  the  addition  of  a  weak  base  to  normal  sea  water,  which  causes 
development  (or  membrane  formation)  increases  tiie  rate  of  oxida- 
tions in  unfertilized  ^gs  to  the  same  amount  as  if  it  were  added 
to  hypertonic  sea  water.  Since  in  this  case  the  membrane-forming 
effect  can  be  produced  by  the  base  alone  the  addition  of  the  hyper- 
tonic solution  can  add  nothing  to  the  effect. 

5.  Complete  cytolysis  of  the  imfertilized  egg  by  saponin  raise 
the  rate  of  oxidations  to  the  same  height  as  fertilization,  thus 
showing  that  the  cytolysis  of  the  cortical  layer  of  the  egg  is  the 
essential  feature  in  fertilization. 


DO  GLIADIN  AND  ZEIN  YIELD  LYSINE  ON 

HYDROLYSIS?^ 

THOMAS  B.  OSBORNE  and  CHARLES  S.  LEAVENWORTH. 

{Prom  the  Laboratory  of  the  Connecticut  Agricultural  Experiment  Stationf 

New  Haven,  ConnecticiU.) 

(Received  for  publication,  April  22,  1913.) 

GLIADIN. 

Kossel  and  Kutscher^  failed  to  find  any  lysine  in  the  alcohol- 
soluble  proteins  of  maize  or  wheat  flour,  and  their  experience  has 
been  confirmed  by  others.'  It  has  since  been  generally  assumed 
that  alcohol-soluble  proteins  lack  the  lysine  complex,  and  con- 
sequently gliadin  and  zein  have  been  used  in  experiments,  from 
the  outcome  of  which  conclusions  have  been  drawn  respecting  the 
part  played  by  lysine  in  nutrition,  especially  in  connection  with 
the  synthesis  of  amino-acids  by  the  animal  organism.*  Observa- 
tions have  been  recorded,  however,  which  have  shown  that  prep- 
arations of  gliadin  may  sometimes  yield  lysine.  Thus  Abderhalden 
and  Funk^  in  discussing  Henriques^  experiments  state  that  unless 
gliadin  preparations  are  very  carefully  purified  they  always  yield 
small  amounts  of  lysine.  They  do  not,  however,  say  how  they 
detected  the  lysine  nor  how  the  preparations  should  be  purified. 

Van  Slyke^  by  aid  of  his  method  for  determining  the  distribu- 
tion of  nitrogen  in  proteins  found  in  gliadin  a  quantity  of  nitrogen 

*  The  expenses  of  this  investigation  were  shared  by  the  Connecticut 
Agricultural  Experiment  Station  and  the  Carnegie  Institution  of  Wash- 
ington. 

*  Kossel  and  Kutscher:  Zettachr.  f.  physiol.  Chem.,  xxxi,  p.  165,  1900. 

'  Abderhalden  and  Samuely:  ibid.,  xliv,  p.  276,  1905;  Osborne  and  Clapp: 
Affier.  Joum.  of  Physiol. y  xvii,  p.  231,  1906;  Ackermann:  Zeitschr.f.  physiol. 
Chem.y  Ixiv,  p.  91,  1910. 

^Michaud:  Zeitschr.f.  physiol.  Chem.,  lix,  p.  405,  1909;  Henriques:  ibid., 
Ix,  p.  105,  1909;  Osborne  and  Mendel:  this  Journal,  xii,  p.  473,  1912. 

*  Abderhalden  and  Funk:  Zeitschr.  f,  physiol.  Chem.,  Ix,  p.  418,  1909. 
"Van  Slyke:  this  Journal,  x,  p.  15,  1911. 
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in  the  lysine  fraction  coirespoi 
considers  this  small  amount  to 
.tal  error  and  that  it  is  not  tc 
negative  results  of  previous  au 
that  0.8-0.4  per  cent  of  the 
about  2  per  cent  of  lysine,  reat 
of  the  nitrogen  of  zein  reacts 
that  hordein  may  contain  a  e 
is  reason  to  believe  that  lyane 
present  in  most  proteins. 

In  a  recent  paper*  from  thi 
the  fact  that  a  preparation  of 
care,  and  was  supposedly  as 
can  reasonably  be  made,  yiel 
when  hydrolyzed  by  long  boil 
tion  was  then  left  open  wh( 
contamination  of  the  preparai 

Hince  it  has  become  a  mat 
or  not  gliadin  prepared  by  th< 
lysine  we  have  subjected  the 
a  rigid  fractional  precipitatioi 
again  detected  lysine  in  eaci 
approximately  the  same  prop 
the  original  preparation.  Nt 
eatcd  the  presence  of  glutenii 
aration,  and  as  the  same  relati 
as  ammonia,  and  low,  proper 
actcrize  gliadin,  were  found  i 
the  original  preparation  we  a 
aration  contained  no  other  pn 
does  in  fact  yield  so  little  lysi 
arations  has  heretofore  escap 
of  ariiilj-sis.  The  amount  of  1; 
so  small  that  in  following  I 
found  when  the  alcoholic  solu 
properly  concentrated  alcoho 
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c^ipitated  by  phosphotungstic  acid,  after  the  arginine  and  histidine 
had  been  precipitated  by  silver  nitrate  and  baryta. 

By  allowing  the  alcoholic  solution  containing  the  picric  acid  to 

evaporate  slowly  a  semi-crystalline  residue  remained  which  was 

extracted  with  alcohol.    The  part  which  was  not  dissolved  was 

recrystallized  from  water,  yielding  a  product  which  appeared  in  all 

respects  like  lysine  picrate.    This  darkened  on  heating  at  about 

225**  and  exploded  at  256®  in  the  manner  characteristic  of  lysine 

picrate.    When  mixed  with  pure  lysine  picrate  the  behavior  on 

heating  was  unchanged.    The  nitrogen  content  found  by  digesting 

with  sulphuric  and  salicylic  acids  and  zinc  dust,  and  then  boiling 

for  several  hours,  was  18.34  per  cent.    Calculated  for  lysine  picrate, 

18.68  per  cent. 

Since  large  quantities  of  alcohol  were  used  in  extracting  the 
wheat  gluten,  from  which  this  gliadin  was  obtaihed,  it  was  possible 
that  the  lysine  thus  found  came  from  a  contamination  with  glutenin 
or  some  other  protein  present  in  the  original  gluten.  If  this  were 
so  the  greater  part  of  such  contamination  should  appear  as  an 
insoluble  residue  when  the  preparation  was  dissolved  again  in  a 
limited  quantity  of  70  per  cent  alcohol.  We  accordingly  treated 
500  grams  of  the  gliadin  with  2500  cc.  of  70  per  cent  (by  volume) 
alcohol  and  obtained  a  slightly  turbid  solution  which  on  long 
standing  deposited  a  very  small  amount  of  insoluble  matter.  By 
repeatedly  washing  this  sediment  by  decantation  with  70  per  cent 
alcohol  only  an  insignificant  quantity  remained,  from  which  we 
conclude  that  this  preparation  of  gliadin  contained,  at  the  most, 
but  traces  of  glutenin,  or  other  protein  insoluble  in  dilute  alcohol. 

The  somewhat  opalescent  alcoholic  solution  deposited  nothing 
more  on  standing  or  centrifugalization,  and  became  perfectly  clear 
on  warming  slightly.  In  order  to  find  whether  or  not  this  solu- 
tion could  be  separated  by  fractional  precipitation  into  products 
indicating  the  presence  of  two  or  more  proteins,  of  which  one 
might  contain  the  lysine,  we  treated  the  solution  as  follows: 

The  entire  solution,  of  3  liters'  volume,  was  mixed  with  3  liters 
of  80  per  cent  alcohol,  by  pouring  the  two  simultaneously  into  a 
large  jar,  and  stirring  rapidly  during  the  mixing,  so  as  to  avoid 
precipitating  any  gliadin  by  locally  raising  the  concentration  of 
the  alcohol  above  75  per  cent  through  imperfect  mixing.  A  turbid 
solution  resulted  which  showed  no  sign  of  a  precipitate.     This 
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solution  was  then  mixed,  in  the 
cent  alcohol,  whereupon  a  fleet 
the  solution,  now  containing  80  ] 

violently  the  precipitate  separated  in  flocks  and  soon  settled,  leav- 
ing the  solution  nearly  clear.  In  this  way  any  fraction  less  solublr 
in  the  more  concentrated  alcohol  should  be  separated  from  thai 
soluble  therein,  for  the  increased  volume  of  the  stronger  aln^ 
could  be  expected  to  keep  the  latter  in  solution. 

After  the  precipitate  had  settled  it  became  coherent,  wheit- 
upon  the  nearly  clear  solution  was  decante<I  very  complet^-.  The 
precipitate  was  then  treated  with  about  1500  cc.  of  80  per  vrat 
alcohol,  by  which  little  of  it  was  dissolved.  It  was  thereby  con- 
verted into  a  voluminous,  snow-white,  flocculent  sulwtance  which 
differed  in  its  physical  character  from  the  gliadin  preripitat*s 
usually  obtained  by  pouring  gliadin  solutions  into  strong  alc<*ol. 
This  waj4  separated  from  the  80  per  cent  alcoholic  washing?  hy 
cent rifugalizat ion,  suspended  in  80  per  cent  alcohol  and  then  Wt 
for  about  forty  hours  to  settle.  The  colloidal  suspension  which 
remained  was  treated  with  a  few  drops  of  a  solution  of  ammoniuDi 
acetate,  dissolved  in  80  per  cent  alcohol,  which  caused  a  priLCticsily 
complete  separation,  leaving  the  alcohol  nearly  clear,  and  rcndt-rfiJ 
the  precipitate  glutinous.  The  precipitate  was  then  extractfl  vixb 
70  per  cent  alcohol,  the  un<iis3olved  residue  centrifugatcni  cut. 
dehydrated  by  absolute  alcohol,  and  dried  over  sulphuric  aoiA 
This  product,  A,  which  weighed  o.)  grams,  should  contain  what- 
ever glutenin  was  present  in  the  original  preparation,  any  glia<iin 
that  had  been  altered  and  rendered  less  soluble  by  the  process- 
employed  in  making  the  original  preparation,  any  contaminating 
protein  sparingly  soluble  in  strong  alcohol,  or,  if  gliadin  is  a  mix- 
ture of  proteins,  as  some  have  supposed,  more  or  less  of  aii.v  con- 
stituent of  such  a  mixture  which  was  less  soluble  in  stronger  alcohol 
than  the  rest. 

The  12  liters  of  80  per  cent  alcohol,  from  which  A  had  b*«i 
se[)arato<l,  after  standing  several  days,  gradually  jielded  a  sra-ill. 
semi-fluid,  transparent  deposit  from  which  the  solution  was  de- 
canted. This  deposit  was  dlssolveti  completely  and  readily  by 
cold  70  per  cent  alcohol,  its  solution  united  with  that  obtainwi 
by  <ligestiug  -4  with  70  per  cent  alcohol,  concentrate<l  to  a  --jtiip 
on  a  steam  bath,  and  then  poured  into  a  large  volume  of  ab*oluli' 
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alcohol.  The  resulting  precipitate,  after  digesting  with  absolute 
alcohol  and  ether,  was  freed  from  the  latter  in  a  desiccator  over 
siAlphuric  acid.    This  fraction,  B,  weighed  38  grams. 

The  12  liters  of  80  per  cent  alcoholic  solution,  together  with 
the  washings  of  the  same  strength  of  alcohol,  3  liters,  were  united,, 
concentrated  in  a  vacuum  to  about  1500  cc.  and  then  on  a  steam 
bath  to  a  syrup  which  was  finally  poured  into  a  large  volume  of 
absolute  alcohol.  The  precipitate  thus  produced  was  dehydrated 
by  digesting  with  absolute  alcohol,  washed  with  ether,  and  freed 
from  alcohol  and  ether  in  a  desiccator  over  sulphuric  acid.  This 
fraction,  C,  weighed  298  grams. 

The  original  gliadin  preparation  was  thus  divided  into  three 
fractions;  A,  insoluble  in  70  per  cent  alcohol;  B,  insoluble  in  80 
per  cent  alcohol  but  soluble  in  70  per  cent;  and  C,  soluble  in  80 
per  cent  alcohol. 

In  order  to  detect  differences  between  the  extreme  fractions  A 
and  C,  the  following  analytical  data  were  secured  which  are  given 
as  per  cent  of  the  protein. 


f»BEPARA- 
TlOX 

NIli  X 

BASIC  X 

AROINIXE 

1 

HI8TIDINE 

LYSINE 

1 

TYRORIXK 

A 

I 

4.66 

0  76 

2.48 

1.43 

0.15 

i          1.39 

II 

4.66 

0.76 

2.43 

1.44 

• 

C 

I 

4.39 

1.01 

2.92 

1.49 

0.07 

1      1.50 

II 

4.39 

1.01 

i      2.90  . 

1.48 

Original 

I 

1 

;      2.67 

1.63 

0.16 

;      1.54 

II 

2.78 

1.49 

;      1.68 

_  _  _  _ 

_  ^  ^ 

From  fractions  A  and  C  lysine  was  isolated  in  the  same  way  as 
from  the  original  preparation.  No  precipitate  of  lysine  picrate 
was  obtained  by  adding  an  alcoholic  solution  of  picric  acid  to  the 
suitably  concentrated  alcoholic  solution  of  the  amino-acids  pre- 
cipitated by  phosphotungstic  acid,  and  it  was  only  by  persistent 
effort  that  any  lysine  picrat^  was  obtained  from  either  solution. 
The  identity  of  the  picrate  was  established  by  the  decomposition 
.point,  which  was  unchanged  on  mixing  with  pure  lysine  picrate, 
and  also  by  the  nitrogen  content. 

If  the  probable  limits  of  accuracy  of  the  methods  employed  in 
making  the  above  determinations  are   considered,   the  results 
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obtained  aflford  no  basis  for  concluding  that  the  original  prep- 
aration has  been  separated  into  two  chemically  different  parts. 
The  only  difference  worthy  of  consideration  is  that  between  the 
ammonia  nitrogen  of  A  and  C,  This  difference  is  distinctly  beyond 
the  limits  of  the  analytical  method,  but  it  must  be  recalled  that 
a  little  ammoniimi  acetate  solution  was  used  to  cause  the  colloidal 
suspension  of  ^4  to  separate  from  the  final  80  per  cent  alcoholic 
wash  solution.  It  is  consequently  not  improbable  that  some 
ammonia  was  combined  with,  or  adsorbed  by,  the  protein  and 
thus  contributed  to  the  higher  result  of  this  determination. 

It  is  thus  evident  that  the  lysine  found  in  the  original  prepara- 
tion did  not  come  from  a  contamination  with  glut«nin,  for  thb 
protein  contains  less  anmionia  nitrogen,  and  more  basic  nitrogen 
and  also  more  arginine  than  either  of  the  fractions  A  or  C. 

It  is  also  to  be  noted  that  lysine  was  foimd  in  both  A  and  C 
and  since  no  importance  can  be  attached  to  the  small  difference 
between  the  quantities  found  we  have  no  evidence  that  the  original 
preparation  consisted  of  a  lysine-yielding  and  a  l3r8ine-f ree  protein. 
The  fact  that  the  original  preparation  of  gliadin  was  separated 
into  three  fractions  which  differed  in  solubility  in  alcohol  of  various 
strengths  might  be  considered  as  evidence  of  the  presence  of  more 
than  one  protein  in  the  original  preparation.  Such  evidence,  how- 
ever, has  no  force,  for,  in  the  process  of  isolation,  nearly  all  pro- 
teins are  liable  to  slight  alterations  whereby  more  or  less  of  them 
is  converted  into  insoluble  products.  Furthermore,  preparations 
of  proteins  made  by  the  only  methods  now  available  consist  to  a 
greater  or  less  extent  of  salts  of  these  proteins  which  differ  in 
solubility  from  the  free  protein,  as  well  as  from  one  another.  Such 
differences  as  here  appear  cannot,  therefore,  be  accepted  as  good 
evidence  of  the  presence  of  more  than  one  protein  in  the  original 
preparation  of  gliadin. 

The  discovery  of  this  small  proportion  of  lyTsine  in  these  {rep- 
arations of  gliadin  shows  how  cautious  we  must  be  in  concluding 
that  any  amino-acid  is  wholly  lacking  among  the  products  of 
hydrolysis  of  a  protein  when  the  only  evidence  for  such  a  con- 
clusion is  based  on  the  failure  to  isolate  it  by  direct  crystalliaatioa 
either  in  the  free  state  or  as  a  crj'stalline  compound  with  a« 
added  reagent. 
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ZEIN. 

Having  thus  found  lysine  in  a  supposedly  pure  preparation  of 
^iadin  we  made  a  careful  examination  of  zein  employing  the  same 
inethod  for  obtaining  traces  of  lysine  picrate  which  had  proved 
successful  with  gliadin.  Our  long-continued  and  persistent  efforts 
resulted  only  in  crystalline  picrates  which  decomposed  at  272°  and 
proved  to  be  sodium  picrate.  No  trace  of  lysine  picrate  was  foimd. 
The  sodiiun  was  derived  from  traces  of  this  base  in  the  large  quan- 
tities of  phosphotungstic  acid  and  baryta  used  in  the  analysis. 


THE  INFLUENCE  OF  FEVER  ON  THE  ELIMINATION  OF 

CREATININE. 

By  victor  C.  MYEPLS  and  G.  O.  VOLOVIC. 

{From  the  Laboratories  of  Physiological  Chemistryy  Albany  Medical  College, 
and  of  Pathological  Chemistry,  New  York  Post-Graduate  Medical  School 

and  Hospital,) 

(Received  for  publication,  April  26,  1913.) 

It  has  long  been  recognized  that  the  rate  of  body  metabolism 
is  intensified  in  the  various  febrile  diseases,  resulting  in  an  increased 
elimination  of  the  nitrogenous  waste  products  in  the  urine.  The 
study  of  the  urine  under  these  conditions  has  been  of  considerable 
service  in  the  interpretation  of  intermediary''  processes  which  take 
place  in  the  bodyduring  this  disturbed  state.  Metabolism  in  fever, 
especially  in  typhoid  fever  and  pneumonia,  has  recently  received 
extensive  consideration  at  the  hands  of  a  number  of  investigators, 
viz.,  van  Hoogenhuyze  and  Verploegh,^  Klercker,^  Ewing  and 
Wolf ,2  Shaffer  and  Coleman,*  and  Wolf  and  Lambert.^ 

That  the  elimination  of  total  nitrogen  and  of  its  chief  constituent, 
urea  nitrogen,  paralleled  the  rise  in  body  temperature  in  various 
acute  infections  was  noted  long  ago.  The  excretion  of  ammonia 
was  found  to  be  increased  by  some  of  the  older  investigators,  though 
its  excretion  as  determined  with  more  reliable  methods  would 
indicate  that  the  ammonia  is  not  ordinarily  greatly  increased  in 
fever,  and  further,  that  acidosis  is  not  a  prominent  feature  of  this 
condition.  Uric  acid  has  quite  generally  been  found  to  be  in- 
creased during  the  height  of  fever,  followed  usually  by  a  decline 
with  the  fall  in  temperature.  Fever  was  likewise  claimed  by  the 
older  observers  to  increase  the  elimination  of  creatinine,  though 

^  van  Hoogenhuyze  and  Verploegh:  Zeitschr.  f.  physiol.  Chem.,  Ivii,  p. 
161,  1908. 

*  Klercker:  Zeitschr.  f.  klin.  Med.,  Ixviii,  p.  22,  1909. 

*  Ewing  and  Wolf:  Arch,  of  Int.  Med.,  iv,  p.  330,  1909. 

*  Shaffer  and  Coleman:  ibid.,  iv,  p.  538,  1909. 
»  Wolf  and  Lambert:  ibid.,  v,  p.  ^)6,  1910. 
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the  data  od  this  point  can  har< 
to  the  unreliability  of  the  metl 

Since  Folin'  with  his  color 
the  absolute  constancy  in  the 
individuals  under  a  variety  of 
urinary  constituent,  which  stai 
has  been  a  subject  of  study  at  I 
A  lowered  creatinine  output  I 
with  a  variety  of  diseases,'  bu 
found  to  be  accompanied  by  s 
tion  of  creatinine  is  fever;  and 
is  increased,  the  amount  of  th< 
relationship  to  the  rise  in  boc 
and  Verploegh'  claim  to  have 
nation  of  creatinine  after  stimi. 
nine,  and  a  slight  decrease  afi 
rest.  The  changes  they  obsei 
comparable  to  the  greatly  i 
In  view  of  the  lack  of  knowlec 
tinine,  the  increased  excretion 
lar  interest. 

This  rise  in  creatinine  elimi 
been  first  observed  by  Leathf 
pyrexia  in  normal  subjects  I 
He  found  that  the  curve  of  the 
the  temperature  and  the  total 
creatinine  nitrogen  in  terms  o 
the  normal  percentage  mth  a 
of  total  nitrogen,  though  the 
excretion  was  increased  abou 
Subsequently,  van  Hoogenhu 
maximum  creatinine  excretion 
a  few  hours  of  the  highest 
Klercker"  on  the  elimination 

'  Folin:  Amer.JouTn.  of  Phgsio 
'  Cf.  Myers:  Amer.  Jown.  of  M 

'Leathra:  Jii\irn.nf  Physiol.,  x 
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diseases,  but  more  especially  the  contributions  of  Ewing  and 
WolP^  and  Shaffer  and  Coleman^'  on  protein  metabolism  during 
typhoid  fever,  and  Wolf  and  Lambert"  on  protein  metabolism  in 
pneumonia,  have  greatly  amplified  our  knowledge  on  this  subject. 
The  increased  excretion  of  creatinine  during  fever  has  likewise 
been  noted  by  Manuchin,^^  though  the  deductions  he  draws  would 
hardly  appear  in  accord  with  other  observations. 

Not  only  has  an  increased  excretion  of  creatinine  been  observed 
during  the  active  stages  of  fever,  but  a  decrease  in  its  elimination 
during  convalescence.  It  has  further  been  noted  that  sooner  or 
later  during  the  course  of  a  fever  creatine  appears  in  the  urine,  and 
its  elimination  in  increased  quantities  seems  of  grave  diagnostic 
importance.  This  was  strikingly  shown  in  the  series  of  fatal  pneu- 
monias reported  by  Wolf  and  Lambert.  In  general,  a  parallel 
between  the  febrile  temperature,  total  nitrogen,  urea  and  creati- 
nine has  been  observed.  Shaffer  and  Coleman  found  that  the 
increased  excretion  of  creatinine  in  fevers  was  hardly  in  proportion 
to  the  amount  of  body  protein  catabolized,  their  highest  increase 
in  the  creatinine  excretion  being  calculated  as  about  20  per  cent. 
The  destruction  of  body  proteins  during  fever,  though  perhaps 
more  severe,  is  quite  comparable  to  that  occurring  during  fasting, 
and  Mendel  and  Rose,^*  and  Myers  and  Fine^^  have  observed  that 
the  total  creatinine  nitrogen  (from  both  creatinine  and  creatine) 
forms  a  uniform  proportion  of  the  total  nitrogen  in  starving  rabbits. 

In  producing  this  increased  metabolism  in  fever,  as  shown  by 
the  increased  excretion  of  nitrogenous  waste  products  and  also 
by  the  increased  elimination  of  carbon  dioxide,  several  factors  play 
a  part,  viz.,  the  hyperthermia  per  se,  the  accompanying  inanition^ 
and  the  toxic  agent  causing  the  fever. 

That  pyrexia,  produced  by  artificially  raising  the  body  tempera- 
ture with  a  hot  bath,  or  otherwise,  will  raise  the  level  of  body  me- 
tabolism has  been  demonstrated.  The  carbon-dioxide  elimination 
has  been  observed  to  be  increased  from  30  to  40  per  cent  under 
these  conditions,  and  somewhat  similar  figures  have  been  obtained 

^*  hoc,  dt, 

*'  Loc.  cit. 

"  Loc.  cit. 

'*  Manuchin:  Russki  Wralsch,  ix,  pp.  18,  .55,  89,  1910. 

**  Mendel  and  Rose:  this  Journal,  x,  p.  213, 1911. 

*^  Myers  and  Fine:  unpublished  data. 
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for  the  nitrogen  elimination.  Linser  and  Schmid^*  have  pointed 
out  that  in  man  it  is  not  until  the  body  temperature  is  increased 
above  39°C.  that  there  is  an  increase  in  protein  metabolism.  Frwn 
this  KrehP*  concludes  that  in  infective  fevers  with  a  tempaature 
under  40°C.  the  additional  protein  metabolism  must  be  of  toxic 
origin. 

In  infective  fevers,  whether  in  man  or  animals,  it  has  oft^n  been 
noted  that  the  rise  in  nitrogenous  metabolism  is  greater  than 
should  be  observed  if  due  entirely  to  the  pyrexia  and  accompanying 
inanition.  This  added  excess  in  the  nitrogen  elimination  has  been 
explained  as  toxic  in  origin.  Ewing  and  Wolf  in  their  study  of  pro- 
tein metabolism  in  typhoid  fever  observed  that  the  highest  ©ccre- 
tion  of  nitrogen  in  proportion  to  body  weight  occurred  in  the  so- 
called  toxic  cases  and  that,  although  this  was  generally  coincident 
with  a  high  temperature,  the  total  nitrogen  appeared  to  be  less 
affected  by  the  fever  than  by  the  intoxication.  Some  of  the  most 
widely  quoted  experiments  on  fever  are  those  by  May"  performed 
on  rabbits  inoculated  probably  with  the  same  organism  as  in  our 
experiments.  The  inoculations  were  made  during  a  period  of 
starvation,  and  on  the  second  day  after  inoculation  the  output  of 
nitrogen  exceeded  the  normal  by  28.4  to  51.9  per  cent.  Therise 
in  nitrogen  elimination  is  quite  comparable  to  that  observed  in  our 
experiments  below  except  that  here  the  animals  were  not  starving 
and  the  fever  appeared  several  days  later.  These  figures  prob- 
ably represent  in  a  general  way  the  increase  in  nitrogenous  metab- 
olism which  may  be  observed  in.  febrile  conditions  in  man.  The 
particular  advantage  of  such  experiments,  as  those  of  May  on 
animals,  is  the  fact  that  one  has  a  fairly  adequate  control  period 
which  cannot  be  so  readily  obtained  in  similar  diseases  in  man. 

One  other  phase  of  the  question,  which  is  of  the  utmost  practical 
importance  in  the  treatment  of  fever  in  man,  especially  typhoid 
fever  as  shown  by  Shaffer  and  Coleman,  is  the  diet.  The  lower 
specific  dynamic  action  of  carbohydrate  in  comparison  to  protein 
and  the  protective  action  of  carbohydrate  on  protein  is  well  known. 
May  called  attention,  in  his  experiments  in  1894,  to  the  protective 
action  of  carbohydrate  on  body  protein.     By  the  use  of  diets  high 

**  Linser  and  Schmid:  Deutsch.  Arch.f.  klin.  Med.,  Ixxix,  p.  514, 1904. 
"  Krehl:  Clinical  Pathology,  Amer.  Edit,  by  Hewlett,  1907,  p.  406. 
"May:  Zeitschr.f,  Biol.,  xxx,  p.  1,  1894. 
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caloric  value  and  rich  in  carbohydrate,  Shafifer  and  Coleman^* 
have  shown  it  possible  to  retard  and  even  prevent  the  febrile  loss 
of  body  protein  nitrogen  in  subjects  of  typhoid  fever.  This  is  of 
particular  interest  in  this  connection  in  view  of  the  inhibitory 
influence  of  carbohydrate  upon  the  excretion  of  creatine  by  starving 
animals. 

EXPERIMENTAL  PART. 

Nine  experiments  are  reported  on  rabbits  inoculated  with 
Bacillus  suipesticus^  and  three  experiments  upon  animals  whose 
temperature  was  raised  artificially.  The  routine  procedures  in 
the  first  series  of  experiments  consisted  in  determinations  of  total 
nitrogen,  urea,  ammonia,  creatinine,  creatine,  chlorides,  phos- 
phates, potassium,  and  the  routine  clinical  examination  of  the  urine, 
together  with  mommg  and  evening  temperature  observations 
during  the  fever  period,  and  a  previous  control  period  of  four  or 
more  days.  In  the  last  three  experiments  determinations  of  total 
nitrogen,  creatinine,  creatine  and  chlorides  were  made. 

The  analytical  methods  employed  were:  Kjeldahl  method  for 
total  nitrogen,  Benedict  method  for  urea,^  Folin  methods  for 
ammonia  and  creatinine,^  Benedict-Myers  modification  of  the 
Folin  method  for  creatine,^^  Volhard-Harvey^  method  for  chlorides, 
titration  with  uranium  nitrate  for  phosphates  and  Drushel's  method 
for  potassium.^^ 

The  rabbits  were  all  healthy  animals,  females  being  used  because 
it  is  somewhat  easier  to  compress  the  bladder.  Prior  to  beginning 
the  experiment,  the  animals  were  placed  upon  a  uniform  carrot 
diet  for  a  period  of  several  days.  During  the  experiment  the  blad- 
der was  squeezed  out  at  a  definite  time  each  morning,  the  animal 
weighed,  and  then  given  its  daily  ration  which  was  ordinarily  con- 
simied  during  the  day  in  the  control  period.  After  inoculation  or 
placing  in  an  incubator  the  appetite  of  the  animals  declined,  obvi- 

**  Loc  cit.;  also  Coleman:  Amer.  Journ.  of  Med.  Sci.y  cxliii,  p.  77,  1912. 

"  A  preliminary  report  of  these  experiments  was  made  at  the  1911  Meeting 
of  the  Society  of  Biological  Chemists,  cf.  Proceedings:  this  Journal,  xi,  p. 
xxi,  1912. 

*•  Benedict:  this  Journal,  viii,  p.  405,  1910. 

"  Folin:  Amer.  Journ.  of  Physiol.,  xiii,  p.  45,  1905. 

"  Benedict  and  Myers:  ibid.,  xviii,  p.  397, 1907. 

2«  Harvey:  Arch,  of  Int.  Med.,  vi,  p.  12,  1910. 

•^  Drushel :  ^mer.  Journ.  of  Sci.,  xxvi,  p.  555,  1908;  also  Myers:  this  Jour- 
nal, vi,  p.  122,  1909. 
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ously  introducing  an  important  factor  into  the  figures  for  the  nitro- 
gen elimination.  However,  starving  animals  would  have  beea 
less  satisfactory,  for  several  reasons,  the  most  important  of  which 
is  the  elimination  of  creatine  which  develops  very  quickly  in  the 
rabbit  during  inanition. 

The  350-400  grams  of  carrots  (contain  0.6-0.7  gram  N)  would 
appear  to  furnish  a  fairly  adequate  dietary  for  the  rabbit,  generally 
close  to  100  calories  per  kilogram,  with  10  per  cent  in  the  form  of 
protein.  The  rabbit  with  its  large  skin  area  should  require  a  com- 
paratively high  caloric  intake,  but  this  would  appear  to  have  be^ 
well  supplied.  Owing  to  the  exhaustion  of  the  old  carrot  supply 
(July  1911),  rabbits  O,  P  and  Q  were  fed  300  grams  of  new  roots 
and  200  grams  of  the  green  ''tops,"  thus  making  the  500  grams 
recorded  in  the  tables.  No  detailed  protocols,  aside  from  the  tabu- 
lated results  of  the  urine  analyses,  appear  to  be  necessar>\ 

The  first  aeries  of  experiments  was  carried  out  at  the  Bender  Laboratory 
at  the  suggestion  of  Dr.  Ordway  with  the  idea  that  some  correlation  might 
be  observed  between  our  chemical  findings  and  the  histological  data  ob- 
tained in  independent  experiments  on  the  same  animals  by  Ordway,  Kel- 
lert  and  Huested.*'  We  were  able  to  detect  little  relationship  between  the 
lesions  observed  in  the  various  organs  and  the  composition  of  the  urine. 
Our  chemical  data  were  found  to  be  chiefly  of  interest  from  the  standpoint 
of  creatinine,  and  on  this  account  figures  for  the  potassium,  chlorides,  phos- 
phates and  likewise  ammonia  have  not  been  included. 

Below  is  given,  however,  a  brief  summary  of  the  results  obtained  for  the 
elimination  of  these  constituents.  Data  on  the  excretion  of  potassium  were 
obtained  in  the  first  seven  experiments.  The  excretion  appeared  to  follow 
closely  in  all  cases  the  food  intake,  although  this  was  rather  high  to  have 
allowed  the  demonstration  of  changes  due  to  fever  or  accompanying  condi- 
tions. In  general,  with  the  development  of  fever,  there  was  an  increase  in 
the  chloride  elimination,  followed  by  a  very  decided  decrease  not  accounted 
for  by  the  decreased  intake.  This  is  believed  to  have  been  due  to  a  de- 
creased kidney  (tubular)  permeability.  The  phosphate  elimination  shoired 
an  increase  during  the  fever  period  in  certain  of  the  experiments,  while  in 
others  there  was  little  change. 

The  figures  for  ammonia  are  also  not  recorded,  for  the  reason  that  with 
one  possible  exception.  Rabbit  M,  no  indication  was  observed  of  an  in- 
creased excretion  of  ammonia.  Normally,  the  rabbit  eliminates  practically 
no  ammonia,  as  might  be  expected  from  the  nature  of  its  dietary.  Though 
the  reaction  of  the  urine  was  frequently  observed  to  be  acid  at  the  height  d 
the  fever,  sufficient  time  hardly  elapsed  to  have  causeti  a  very  great  deple- 
tion of  the  supply  of  basic  elements  in  the  body. 


"  Ordway,  Kellert  and  Huested:  Joxirn,  of  Med.  Res.,  xx\'iii,  p.  41,  1913. 
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TABT.F.  I. 

Rabbit  A. 

DATE 
1911 

"   1 

BODY    1 
WEIGHT 

_    _     1 

1 

C.IBROT  1 
DIET     1 

1 

1 

TEMPEBATURE    , 

^OL.   OF 
UBINB 

1            i 

CPEAT- 
aP.  GR.     ININE    ' 

N      1 

,    III             ii_ 

CREA- 
TINE 

p.m. 

a.m. 

N 

February  and  March 

1 

kgms. 

granu 

•c. 

CC. 

1  '            1 
1  tngms.  < 

mgmg. 

20 

1.40  • 

350 

38.3 

36.7  1 

1 

235 

1.018  18.4 

0 

21 

1.39  ! 

350 

30.5 

37.8 

250 

12.3 

0 

22 

1.43 

350  , 

37.8 

36.1 

275 

1.012;  19.0 

0 

23 

1.36  ! 

350 

37.2 

38.1 

250 

1.01^  16.1 

0 

24 

1.40 

t 

! 

350 

38.7 

38.6  , 

1 

240 
247 

1.016  15.3 
I.OI5I  17.2 

0 

Average  15-34 

25 

1.40 

350 

37.8 

37.8  , 

240 



1.021'  22.6 

0 

26 

1.36 

350 

38.5 

38.3  , 

260 

1.020'  19.6 

0 

27 

1 

1.36 

350 

40.1 

250 

18.1 

0 

28 

1  1.34 

200 

40.1  1 

200 

1.014  21.5 

0 

1 

1.24 

180 

40.6 

40.3  i 

75     1.024 

22.2 

0 

2 

1.28 

70 

40.1 

40.0 

60 

1.028|  20.7 

0 

3 

1.29 

160 

39.8 

38.6 

120 

I.O20I  18.4 

0 

4 

1.32 

280 

39.2 

38.6 

175 

1.025 

16.7 

2.1 

5 

1.26 

300 

40.8 

38.7  , 

235 

1.014  18.2 

2.1 

6 

1.24 

300 

38.3 

40.0  1 

200 

,  1.020 

16.4 

0 

7 

1.25  ^    300 
TABLE  II. 

39.5 
Rabb 

39.3 

1 

it  C.  _ 

200 

(  1.016 

17.4 

0.5 

February  and  March 

kgma. 

grams 

•c. 

•c. 

ce. 

mgm*. 

mgms 

20 

1.75 

350 

37.5 

218 

1.017  25.8 

21 

1.76 

350 

37.5 

37.8 

275 

'  1.0191  25.8 

22 

1.72 

350 

37.8 

37.8 

275 

'  1.019!  25.8 

1                       1 

23 

1.77 

350 

38.3 

38.8 

260 

1.020  18.4 

1.022!  28.2 

1 

24 

1.75 

350 

39.1 

38.4  1 

220 

Average  15-24 

1 

246 

1.018]  25.4 

25 

1.65 

350 

38.6 

^  _i 

300 

1.016  32.6 

0 

26 

1.66 

350 

38.5 

1 

250 

'  1.020  25.4 

0 

27 

1.67 

350 

38.2 

1 

350 

33.2 

0 

28 

1.70 

350 

39.6 

275 

1  1.018  22.3 

0 

1 

[  1.65 

300 

40.6 

38.6 

235 

1.012  37.5 

0 

2 

i  1.52 

280 

39.9 

40.5 

50 

'  1.030  21.8 

0 

3 

1  1.47 

90 

41.0 

40.3 

CO 

1.035  39.4 

0 

4 

!  1.47 

80 

40.6 

38.3 

50 

1  1.036  29.1 

5.6 

Rabbit  A  inoculated  subcutaneously  on  February  24  with  0.5  cc.  of  a 
24-hour  bouillon  culture  of  Bacillus  suipcsticiLS,  Pulse  on  February  21, 
180;  on  February  28,  280.    Animal  recovered. 

Rabbit  C  inoculated  subcutaneously  on  February  24  with  0.5  cc.  of  a  24- 
hour  bouillon  culture  of  Bacillus  suipesticus. 
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TABLE  X. 

Rabbit  45." 


DATE 
1912 

BODY 
WSXOBT 

OABBOT 
DICT 

TUMPKBATUBK 

TOL.  OF 
UBINB 

SP.  OR. 

TOTAL 

N 

CBBAT- 
INTKB 

N 

CRBAT- 
XXIMB 

p.m. 

a.m. 

N 

July  and 

kgm$. 

gravu 

•c. 

•c. 

ee. 

ffTtttns 

mgnu. 

peremi 

August 

31 

1.87 

300 

39.8 

39.0 

236 

1.017 

0.67 

22.0 

3.3 

1 

1.74 

300 

39.5 

39.3 

268 

1.017 

0.84 

27.0 

3.2 

2 

1.67 

350 

39.6 

39.1 

230 

1.018 

0.68 

23.0 

3.4 

3 

1.70 

350 

39.9 

39.0 

242 

1.018 

0.64 

24.7 

3.9 

4 

1.65 

350 

39.3 

39.5 

300 

1.016 

0.68 

27.4 

3.7 

5 

1.62 

350 

39.6 

39.5 

225 

■ 

1.017 

0.74 

27.4 

4.0 

Average  31-5... 

250 

1.017 

0.71  i  24.6 
0.41     23.8 

3.5 

6 

1.64 

250 

40.9 

41.1 

85 

1.023 

5.8 

7 

1.56 

120 

41.0 

41.7 

40 

1.027 

0.82    30.6 

3.7 

8 

1.41 

110 

41.7 

43.6 

30 

1.030 

0.99 

32.1 

3.2 

9 

1.42 

240 

39.0 

39.1 

73 

1.031 

1.07 

28.7 

2.7 

10 

1.52 

350 

39.2 

39.5 

183 

1.018 

0.72 

21.2 

2.9 

11 

1.58 

350 

39.3 

39.6 

305 

1.016 

0.70     20.8 

1 

3.0 

Rabbit  45  was  placed  in  the  incubator  on  the  morning  of  August  5  and 
kept  there  continuously  for  three  days,  except  for  about  one  hour  each 
morning.  During  the  incubator  period  the  animal  drank  a  small  amount 
of  water.  The  first  day  after  being  removed  from  the  incubator  the  rabbit 
appeared  sick,  but  was  apparently  normal  on  the  following  day. 


'<*  In  this  last  series  of  experiments  we  were  assisted  by  Mr.  Adolph  Bern- 
hard. 


/ 


504      Effect  of  Fever  on  Creatinine  Elimination 


TABLE  XL    Rabbit  47. 


DATB 
1913 


January 
16 
17 
18 
19 
20 


Average  16-20. 


21 
22 
23 
24 
25 


BODY    jCABBOT 
WBIOHIi     DIET 


Rabbit  47  was  placed  in  the  incubator  at  2  p.m.  on  January  20  and  kept 
there  continuously,  except  for  the  time  necessary  to  take  t^nperatures, 
etc.,  until  9  a.m.  on  the  23rd.  On  the  last  two  of  these  three  days  the  reac- 
tion of  the  urine  was  observed  to  be  acid. 


BOOT 
WBIQHT 

TABLE  XI 

L    Rat 

KATUBB 

Mt  4$, 

CBXA9- 
IWOTE 

DATE 
1913 

CABBOT 
DIET 

TEMPEl 

VOL.  OF                   ,  TOTAL 

CRBAT- 

nnNB 

UBINB   f 

xy 

M            V 

p.  in. 

a.m. 

•c. 

1 

f^ 

ptrcmt 

January 

kQiru. 

gram$       "C. 

cc. 

franM 

mgnu. 

16 

1.36 

350    39.7 

39.2 

290 

1.010 

0.12 

18.4  !  15.3 

17 

1.32 

350 

39.7 

39.3 

315 

1.011 

0.19 

21.1    111 

18 

1.32 

350 

40.0 

39.3 

230     1^01^ 

0.23     18.3  ,    8  0 

19 

1.34 

350 

39.7 

39.1 

245     1.011^ 

0.28  '  20.0     7.1 

20 

1.42 

350 
350 

38.1 

39.5 

180 

1.016 
1.012 

0.22 

16  4     7.5 

Average  16-20. 

39.1 

252 
220 

0.21 

18.8 

9.0 

6.1 

21 

1.39 

42.0 

1.010 

0.35     21.2 

22 

1.26 

80 

40.7 

42.1 

30  1  1.022!  0.22     18.8      8.5 
35  1  1.032  0-72    24.1      3  3 

23 

1.29 

50 

41.5 

41.5 

24 

1.36 

350 

38.9 

39.0 

205  ,  l.Om  0.60    21.4      36 

25 

1.45 

350 

39.1 

39.1 

100     1.027  0.19     15.0 

7.9 

Rabbit  49  was  placed  in  the  incubator  at  2  p.m.  on  January  23.  The 
temperature  at  8.45  p.m.  was  found  to  be  42.1^.,  and  it  was  thought  best 
to  remove  the  animal  to  the  room.  The  next  morning  (22nd)  the  rabbit 
was  again  placed  in  the  incubator  and  kept  there  for  the  two  following  days. 
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Discussion, 

The  results  of  the  foregoing  experhnents  can  most  advantage- 
ously be  discussed  together.  The  parallel  between  the  body  tem- 
perature and  the  total  nitrogen,  urea,  and  creatinine  is  quite  strik- 
ing, though  in  considerable  i^easure  probably  due  to  the  shortness 
of  the  fever,  generally  five  to  eight  days.  In  all  cases  the  highest 
elimination  of  nitrogen  has  been  found  to  coincide  with  the  highest 
temp)erature.  The  relation  between  the  total  nitrogen  and  urea, 
as  shown  by  the  percentage  of  urea  nitrogen,  does  not  markedly 
differ  from  the  normal.  In  general,  during  the  fever  period  there 
was  a  slight  increase  in  the  per  cent  of  urea  nitrogen.  At  the  height 
•  of  the  fever  this  was  sometimes  accompanied  by  a  still  further 
increase,  and  in  other  cases  by  a  decrease. 

The  relation  between  the  body  temperature  and  the  amount  of 
the  creatinine  elimination  is  most  interesting.  As  soon  as  the  body 
temperature  rises  noticeably  above  the  normal  level,  there  is  an 
accompanying  increase  in  the  excretion  of  creatinine,  and  with  a  de- 
cline in  the  febrile  temperature  there  is  an  immediate  fall.  Though, 
in  general,  the  creatinine  follows  the  increased  total  nitrogen  ex- 
cretion, there  is  a  very  noticeable  lag  at  the  height  of  the  fever, 
the  average  figures  disclosing  a  fall  of  from  3.8  per  cent  to  3.3  per 
cent  in  terms  of  total  nitrogen.  The  maximum  temperature, 
about  42°C.,  was  found  to  be  accompanied  by  the  highest  cre- 
atinine elimination,  the  percentage  increase  over  the  control 
elimination  averaging  36  per  cent — 64  per  cent  in  one  case — as 
recorded  in  Table  XIII. 

Creatine  was  generally  found  to  be  eliminated  after  the  crisis 
of  the  disease.  This  was  also  the  case  in  one  other  experiment 
not  reported.  Rabbit  L.  The  recent  experiments  of  Myers  and 
Fine'^  on  starving  rabbits  make  it  evident  that  the  creatine  of  the 
urine,  at  least  in  that  condition,  has  the  origin  generally  assumed, 
viz.,  from  the  setting  free  of  creatine  in  the  absorption  of  muscle 
tissue.  Though  creatine  may  be  an  index  as  to  the  amount  of  a 
certain  kind  of  abnormal  catabolism,  the  creatine  itself  bears  no 
uniform  relation  to  the  endogenous  total  nitrogen  excretion. 

To  secure  further  light  on  the  factors  causing  the  increased  elimi- 
nation of  creatinine  during  fever,  three  animals  were  placed  in  a 

"  Myers  and  Fine:  Proc.  Soc.  Exp.  Biol,  and  Med.y  x,  p.  12,  1912. 
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large  incubator  at  about  38.5°C.  As  is  well  known,  the  rabbit  is 
easily  susceptible  to  external  changes  in  temperature  and  in  this 
way  a  typical  hyperthermia  was  easily  produced  with  maximum 
temperatures  varying  between  41.7°  and  43.3®C. 

As  is  shown  in  Tables  X,  XI  and  XII,  the  rise  in  temperature 
here  was  likewise  found  to  be  accompanied  by  an  increased  dimi- 
nation  of  creatinine,  the  maximum  output  being  noted  on  the  day 
of  the  highest  temperature.  The  increased  excretion  was  of  the 
same  intensity  as  that  observed  in  the  previous  series  of  experi- 
ments. It  is  of  interest  to  note  that  here  no  creatine  was  found  to 
appear  in  the  urine,  possibly  indicating  that  there  was  no  abnormal 
destruction  of  muscle  tissue.  Inasmuch  as  no  creatine  was  found 
no  tabulation  was  made.  The  maximum  total  nitrogen  excretion 
in  this  series  did  not  appear  at  the  time  of  the  highest  temperat^ire, 
but  on  the  day  following.  The  coincidence  in  the  previous  series 
finds  probable  explanation  in  the  fact  that  the  highest  temperature 
and  the  highest  total  nitrogen  just  preceded  the  premortal  faD. 


TABLE  XIII. 


EXPERIMENT 


A 
C 

H 

I 

K 

M 

() 

P 

Q 


|\V£RAOE  DAILY 
i  TOTAL  N 

CONTROL 
I  PERIOD 

grams  , 


0  53 
0  85 
0.89 
0  53 
0.85 
0.80 
0  56 


HIGHEST 
TOTAL  N 
PCVBR  PERIOD  ' 


grams 


AVERAOE  DAILY 
CBEATINIKB  N 
CONTROL 
PERIOD  ' 


HIOHBST 


0.83 
1.04 
1.33 
0.91 
1.65 
1.07 
1.50 


mgms. 

17.2 
25.4 
25.5 
26.9 
30.6 
24.6 
29.2 
35.1 
19.5 


Average  increased  excretion  of  creatinine 


45 

0.71 

47        ) 

0.34 

49 

0.21 

1.07 
0.82 
0.72 


24.6 
18.7 
18.8 


CRBATIWtKE  N  • 
FETKR  PERIOD 


m^ms. 

22.2 
39.4 
35.4 
34.7 
38  3 
32.4 
47.9 
40.5 
26.4 


32.1 
26.9 
24,1 


INCBE4SCI> 

CBKATUnXE 

EZCRKTIO:?  DCS 

TOFTVER 


29 
55 
39 
29 
25 
32 
64 
15 
35 

36 

31 
44 

28 


Average  increased  excretion  of  creatinine 


34 
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In  the  above  table  are  summarized  the  more  important  data 
in  connection  with  the  excretion  of  creatinine.  Percentage  figm*es 
for  the  increased  excretion  of  total  nitrogen  during  the  height  of 
the  fever  are  not  given  owing  to  the  fact  that  it  appeared  impossible 
to  compute  reliable  figiu'es.  During  the  control  period  a  nmnber 
of  the  anhnals  showed  a  plus  nitrogen  balance,  with  nitrogen  in- 
t^kes  varying  between  0.6  and  0.7  gram.  Furthermore,  during 
the  fever  period,  they  were  burning  increased  amounts  of  their 
own  tissue  due  in  part  to  the  decreased  food  intake.  However, 
it  appears  that  there  was  a  greater  increase  in  the  excretion  of 
nitrogen  during  pyrexia  in  the  first  series  of  experiments  than  in 
the  second. 

CONCLUSIONS. 

The  excretion  of  creatinine  closely  follows  the  rise  in  temperature 
during  fever,  whether  the  hyperthermia  is  of  infective  origin  or 
artificially  induced.  The  highest  continued  temperature  (about 
42°C.)  has  been  found  to  be  accompanied  by  the  highest  creatinine 
elimination. 

In  nine  experiments  on  rabbits  inoculated  with  Badllus  suipes- 
ticus,  the  percentage  increase  at  the  height  of  the  fever  over  the 
control  elimination  averaged  36  per  cent.  In  three  experiments, 
where  hyperthermia  was  artificially  induced,  the  average  increase 
was  34  per  cent.  This  is  believed  to  show  that  the  increased  elimi- 
nation of  creatinine  is  due  entirely  to  the  hyperthermia. 

The  view  is  expressed  that  the  increased  creatinine  elimination 
during  fever  still  represents  the  normal  endogenous  metabolism, 
which  is  proceeding  here  at  an  abnormal  intensity  due  to  the  high 
temperature.  It  is  possible  that  this  is  in  accord  with  the  law  of' 
the  increased  velocity  of  chemical  reactions  at  increased  tempera- 
tures. 

It  is  suggested  that  the  amount  of  the  increased  creatinine 
excretion  may  be  of  value  in  indicating  the  increase  in  nitrogenous 
metabolism  due  to  simple  pyrexia.  The  increased  excretion  of 
nitrogen  in  physiological  fever  corresponds  very  well  with  the  in- 
creased excretion  of  creatinine  (35  per  cent),  but  in  toxic  fevers  the 
excretion  of  nitrogen  may  be  much  greater. 

In  the  series  of  toxic  fevers,  creatine  was  generally  found  to  be 
excreted,  and  when  present  was  observed,  as  a  rule,  following  the 
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crisis  of  the  fever.  In  the  series  of  physiological  fevers  an  elimina- 
tion of  creatine  was  not  detected.  It  is  reasonable  to  believe  that 
creatine  is  excreted  during  fever,  because  the  protein  is  drawn  upon 
to  supply  unusual  demands  (e.g.,  to  supply  energy  in  the  absence 
of  carbohydrate),  and  in  this  abnormal  catabolism,  creatine  is  set 
free  more  rapidly  than  the  body  can  oxidize  it. 

In  fever,  creatinine,  though  increased,  still  appears  to  indicate 
the  amount  of  a  certain  type  of  normal  endogenous  metabolism, 
while  creatine  possibly  indicates  the  amount  of  abnormal  endc^^i- 
ous  metabolism. 


THE  NORMAL  PROTEIN  METABOLISM  OF  THE  RAT. 

By  QTTO  FOLIN  and  J.  LUCIEN  MORRIS. 
(From  the  BiochemiccU  Laboratory  of  Harvard  Medical  School,  Boston.) 

(Received  for  publication,  April  29,  1913.) 

The  highly  interesting  results  obtained  by  Mendel  and  Osborne* 
on  feeding  single  specific  proteins  to  rats  lend  added  interest  to 
any  detailed  information  that  may  be  obtained  concerning  the 
natm'e  of  the  metabolism  of  the  rat  as  compared  with  that  of  any 
other  animal  or  of  man.  The  small  size  of  the  animal  has  hereto- 
fore prevented  the  accimiulation  of  much  information  of  a  quan- 
titative nature.  The  total  urinary  nitrogen  determinations  of 
Mendel  and  Osborne  and  those  of  Hatai^  represent  so  far  as  we 
know  all  that  has  been  done  in  this  line.  By  means  of  the  new 
microchemical  method,'  recently  published  from  this  laboratory 
it  is  possible  to  obtain  more  detailed  figures.  Because  of  the 
limited  quantity  of  urine  comprising  the  twenty-four-hour  amounts, 
some  changes  in  these  methods  were  found  necessary.  In  every 
case  the  twenty-four-hour  urine  of  each  animal  (5-50  cc.  in 
amount)  was  made  up  to  50  cc.  From  this  stock  solution  portions 
were  taken  directly  for  ammonia,  uric  acid,  creatinine  and  creatine 
determinations.  For  total  nitrogen  and  urea  determinations  a 
dilution  of  a  part  of  this  solution  to  twice  its  volume  brought  the 
nitrogen  content  to  the  desired  amount  (1=*=  mgm.  per  1  cc).  In 
the  smallest  rats  this  second  dilution  was  unnecessary,  the  quan- 
tity being  sufficiently  reduced  in  the  first  dilution. 

The  uric  acid  analysis  followed  the  general  scheme  of  its  deter- 
minations in  human  urine  as  published  by  Folin  and  Denis.^  Ten 
cubic  centimeters  of  rat  urine  were  found  to  contain  a  sufficient 
quantity  of  uric  acid  for  the  determination.    A  drop  of  acetic  acid 

*  Carnegie  Institution  of  Washington,  publication  156,  Pts.  I  and  II. 

*  Amer.  Journ.  of  Physiol. ,  xiv,  p.  102,  1906. 
» This  Journal,  xi,  1912. 

*  Ibid.,  xiv,  p.  95,  1913. 
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(instead  of  hydrochloric)  was  used  to  acidify  when  driving  aS  the 
hydrogen  sulphide.  After  the  reaction  with  the  uric  acid  reagent 
and  sodium  carbonate  the  blue  solution  was  filtered  into  a  25  cc. 
volumetric  flask  and  made  up  to  the  mark  with  washings.  It  was 
then  read  against  a  standard  of  1  mgm.  of  uric  acid  in  100  cc. 

The  creatinine  determinations  offered  at  the  beginning  consider- 
able difficulty  owing  to  the  small  amount  of  creatinine  and  its 
great  dilution  in  rat  urine.  The  original  standard,  potassium 
bichromate  solution,  could  not  be  used  and  had  to  be  replaced  by 
creatinine  solutions  of  known  concentration.  Other  factors  had 
to  be  modified — ^the  amounts  of  picric  acid  and  alkali,  and  the  timf 
necessary  for  the  development  of  the  maximum  color  had  to  be 
worked  out.  Our  standard  creatinine  solutions  were  made  of 
approximately  the  same  concentration  as  the  urine.  These  solu- 
tions and  the  urine  were  then  treated  exactly  alike  and,  by  devel- 
oping the  color  simultaneously  in  both,  constant  and  se^ningly 
reliable  results  were  obtained.  The  modified  procedure  is  as 
follows: 

To  5  cc.  of  urine  and  to  5  cc.  of  the  standard  creatinine  solution, 
each  in  a  25  cc.  volumetric  flask,  add  2.5  cc.  of  saturated  imotc 
acid  solution  from  a  burette,  and  then  1  cc.  of  10  per  cent  sodium 
hydroxide  solution.  Let  stand  for  ten  minutes,  fill  up  to  the 
mark  with  water  and  then  determine  the  color  as  in  the  original 
method. 

The  creatine  determination  was  made,  in  terms  of  creatinine,  by 
the  same  method  and  appeared  as  an  addition  to  the  previously 
obtained  creatinine  figure.  It  was  converted  into  creatinine  by 
adding  0.5  cc.  of  2n  HCl  to  5  cc.  of  urine  in  a  100  cc.  Erlenmeyw 
flask,  evaporating  to  rather  less  than  2  cc.  volume  on  a  water  bath, 
and  continued  heating  at  this  volimie  for  two  hours.  To  maintaia 
the  volume  a  small  top-shaped  glass  bulb  was  inserted  in  the  mouth 
of  the  flask  for  condensation.  At  the  end  of  the  time  indicated 
the  volume  was  again  made  up  to  approximately  5  cc.  by  adding 
water  to  the  flask  on  a  balance  until  the  weight  was  the  sum  of 
5  grams  and  the  previously-taken  weight  of  the  flask.  Beyond 
this  the  treatment  was  exactly  the  same  as  with  creatinine  except 
that  an  additional  0.5  cc.  of  NaOH  was  added  to  neutralize  the 
HCl  used. 
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Cach  rat  was  kept  in  a  specially  constructed  small  cage  resting 
on  top  of  a  funnel.  Each  day's  urine  was  collected  in  2  cc.  of 
normal  hydrochloric  acid.  The  twenty-four-hour  aspect  is  only 
approximate  since  no  attempt  was  made  to  have  the  bladder 
emptied  at  the  end  of  each  day.  The  duration  of  the  experiment 
is  long  enough,  however,  so  that  the  average  of  all  the  figures 
should  come  close  to  the  true  twenty-four-hour  results.  The 
urines  were  analyzed  in  the  case  of  rats  M,  X  and  A  over  a  period 
of  nine  days,    and  in  the  case  of  rat  G,  fifteen  days. 

In  tables  1  and  2  are  given  the  analyses  of  a  series  of  approxi- 
mately twenty-four-hour  urines  obtained  from  two  large  mature 
rats,  a  female  (M)  weighing  290  grams  and  a  male  (X)  weighing 
197  grams.    To  save  space  only  the  last  six  days  are  recorded. 

Table  3  represents  a  summary  of  the  results  recorded  in  tables 
1  and  2,  together  with  summaries  of  the  results  obtained  from  two 
young  growing  rats,  A  and  G,  weighing  40  to  50  grams.  We  have 
made  several  other  series  of  similar  studies  but  these  deal  chiefly 
with  tumor-bearing  rats  and  will  be  described  elsewhere  by  Ordway 
and  Morris. 

The  rats  were  kept  on  a  purine-free  diet  consisting  of  powdered 
crackers  and  water. 

It  will  be  seen,  from  examination  of  the  average  results,  that 
the  percentage  composition  of  rat  urine  differs  but  little  from  that 
of  human  urine.  Being  small  animals  but  voracious  feeders  the 
total  nitrogen  per  kilo  of  body  weight  is  much  larger  than  in  the 
case  of  man.  The  percentage  relationship  between  the  amounts 
of  total  nitrogen,  urea  nitrogen  and  anmionia  nitrogen  is  almost  the 
same  as  in  man.  Creatinine  nitrogen  shows  a  somewhat  larger 
value  for  the  rats,  reaching  15  mgm.  per  kilo  in  the  mature  rats, 
while  man  usually  eliminates  7-11  mgm.  Small  amounts  of 
creatine  were  always  found  in  the  urine.  This  is  rather  interesting 
in  view  of  the  excessive  feeding  of  rats  and  the  suggestion  of  Folin 
and  Denis'  that  the  creatine  in  the  urine  of  children  might  be  due 
to  an  **  excessively  high  level  of  proteui  consumption.*' 

The  most  striking  and  interesting  feature  of  the  analyses  is  the 
fact  that  the  urine  of  rats  contains  quite  as  much  uric  acid  in 
proportion  to  body  weight  as  does  human  urine.    Through  the 

'  This  Journal,  xi,  p.  253,  1912. 
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investigations  of  Wiechowski*  and  more  recently  of  Hunter  and 
Givens^  we  have  learned  that  mammals  other  than  man  convert 
the  greater  part  of  the  uric  acid  into  allantoin,  and  the  urines  of 
such  anilnals  therefore  contain  very  little  if  any  uric  acid.    The 
metabolism  of  rats  is,  however,  in  this  respect  Hke  that  of  man. 
In  view  of  this  highly  curious  similarity  it  seemed  necessary 
also  to  determine  whether  the  blood  of  rats  is  as  rich  in  uric  acid 
as  is  human  blood.    Folin  and  Denis^  have  recently  shown  that 
domestic  animals,  whose  urine  contains  allantoin  instead  of  uiic 
acid,  uniformly  show  mere  traces  of  uric  acid  in  the  blood.    The 
blood  from  six  full-grown  rats  was  collected  over  a  little  powdered 
potassium  oxalate,  and  the  uric  acid,  total  non-protein  nitrogen 
and  urea  were  determined  by  the  methods  of  Folin  and  Denis. 
The  figures  obtained  for  100  grams  of  blood  were  as  foUows:  Cric 
acid,  2  mgm. ;  non-protein  nitrogen,  38;  urea,  22.    The  experiment 
was  repeated  twice,  each  time  using  for  the  anal3rsi8  the  mixed 
blood  of  six  normal  white  rats,  and  2.4  mgm.   and   2.5  mgrn. 
respectively  of  uric  acid  per  100  grams  of  blood  were  found.    These 
are  substantially  the  same  figures  as  Folin  and  Denis  found  for 
normal  human  blood.    The  purine  metabolism  of  rats  is,  there- 
fore, like  that  of  man  and  unlike  that  of  other  mammals  hitherto 
investigated.    Jones  and  Rohd6*  published  some  experiments  on 
purine  ferments  of  the  rat  a  few  years  ago,  and  one  of  the  con- 
clusions reached  is  interesting  in  connection  with  our  results:  "The 
results  of  this  work  show  that  the  organ  extracts  of  the  rat  jointly 
and  severally  are  incapable  of  exhibiting  either  adenase  or  xantho- 
oxidase.    There  is,  therefore,  no  way  for  uric  acid  to  be  formed  by 
the  purine  ferments  in  extracts  of  the  organs  of  the  animal.    Nei'cr- 
theless  rats'  urine  contains  uric  acid.    From  50  cc.  of  urine  we 
were  able  to  isolate  enough  imc  acid  for  complete  identification- 
Presumably  the  organs  also  contain  uric  acid  which  mi^t  be 
detected  by  methods  of  suflScient  refinement  but  the  substamce 
camiot  be  produced  by  the  action  of  organ  extracts  on  purine 
bases.'' 

« Biochem.  Zettschr.,  xxv,  p.  433,  1910. 
7  This  Jounial,  xiii,  p.  372,  1912. 
*Ibid.,  xiv,  p.  31,  1913. 
*Ibid.,  vii,  p.  237.  1909. 
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It  seems  rather  remarkable  that  the  one  animal  which  (except- 
ing man)  produces  the  most  uric  acid  in  the  course  of  normal 
metBcbolism  should  lack  the  ferments  capable  of  producing  it.  In 
this  connection  w^  can  state  that  investigations  conducted  by  J. 
B.  Sumner  in  tH&  laboratory*  have  shown  that  aqueous  extracts 
from  rat  livers  are  as  capable  of  destroying  uric  acid  as  similar 
extracts  obtained  from  the  livers  of  cats  and  sheep.  The  signifi- 
cance of  "purine  ferments"  as  obtained  from  organ  extracts  in 
relation  to  the  formation  and  elimination  of  uric  acid  in  the  course 
of  normal  metabolism  is,  therefore,  far  from  clear. 


IS  NARCOSIS  DUE  TO  ASPHYXIATION? 

By  JACQUES  LOEB  and  HARDOLPH  WASTENEYS. 

{From  the  Rockefeller  Institute  for  Medical  Research^  New  York.) 

(Received  for  publication,  April  30,  1913.) 

1.  The  idea  that  the  phenomenon  of  narcosis  might  be  caused 
by  an  interference  with  oxidation  is  an  old  one.  Recently  it  has 
been  advocated  by  Verworn  who  tried  to  support  it  by  indirect 
e\'idence.^  Yet  it  is  obvious  that  if  we  wish  to  ascertain  whether 
or  not  narcosis  is  due  to  a  diminution  in  the  rate  of  oxidations 
(or,  as  Verworn  expresses  it,  to  an  asphyxiation)  there  is  only  one 
way  to  decide  the  question,  namely  by  comparing  the  rate  of  oxi- 
dations in  narcotized  organisms  with  that  in  non-narcotized. 

If  we  wish  to  carry  out  such  experiments  we  must  keep  in  mind 
that  organisms  which  are  capable  of  muscular  action  cannot  well 
be  used  for  this  purpose  since  we  know  that  muscular  activity 
can  easily  raise  the  rate  of  oxidation  in  the  animal  body  one 
hundred  per  cent.  Since  the  narcotics  cause  muscular  action  to 
cease,  a  narcotized  animal  will  consume  less  oxygen  than  a  free- 
moving  animal;  but  it  would  be  a  mistake  to  state  that  this  diminu- 
tion in  the  consumption  of  oxygen  was  the  cause  of  narcosis.  It 
is  the  effect  and  not  the  cause  of  narcosis.  If  we  wish  to  test  the 
asphyxiation  hypothesis  of  narcosis  we  must  use  organisms  which 
possess  no  muscles  and  in  which  therefore  this  source  of  error  does 
not  interfere  with  the  result.  The  best  material  for  this  purpose 
is  offered  in  the  fertilized  eggs.  Loeb  had  shown  in  1895  that  the 
eggs  of  the  sea  urchin  and  fish  cannot  develop  if  the  oxygen  is  with- 
drawn^  and  this  result  has  since  been  extended  to  a  number  of  eggs 
of  different  forms.  The  same  author  showed  that  the  addition  of 
a  small  amount  of  KCN  also  inhibits  segmentation.  We  shall 
see  later  that  KCN  only  has  this  effect  if  it  depresses  the  rate  of 
oxidations  in  the  egg  below  a  certain  level.    The  suppression  of 

*  Verworn:  The  Harvey  LectureSf  1911-12,  p.  52. 
»  Loeb:  Pfluger's  Archiv,  Ixii,  p.  249,  1895. 
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segmentation  by  lack  of  oxygen  as  well  as  by  KCN  is  a  reversiUe 
process. 

It  is  also  well  known  that  anaesthetics  inhibit  the  segmenta- 
tion of  the  fertilized  sea  urchin  ^g  reversibly.  It  was,  therefore, 
an  easy  task  to  ccmipare  the  rate  of  oxidations  in  equal  quantities 
of  fertilized  ^gs  with  and  without  the  presence  of  narcotics.  War- 
burg had  already  observed  that  phenyl  urethane  in  the  concen- 
tration in  which  it  suppressed  nuclear  and  cell  division  did  not 
diminish  the  rate  of  oxidations.  Only  if  an  excessive  amount  of 
phenyl  urethane  was  added,  was  a  diminution  in  the  rate  of  axida- 
tions  noticeable;  but,  as  he  correctly  adds,  the  question  is  not 
whether  it  is  at  all  possible  to  lower  the  rate  of  oxidations  by  add- 
ing narcotics  but  whether  that  concentration  which  suffices  for 
narcosis  lowers  the  rate  of  oxidations.' 

We  imdertook  a  series  of  experiments  on  the  eflFect  of  various 
narcotics  upon  the  rate  of  oxidations  in  the  newly  fertilized  egg^  d 
Strongylocentrotus  purpuratus.  Since  the  method  of  procedure 
and  the  degree  of  reliability  of  our  method  have  been  described 
in  previous  papers  no  recapitulation  of  these  points  is  needed. 

2.  Experiments  with  KCN.  We  determined  the  minimum 
amount  of  KCN  necessary  to  suppress  cell  division  i>ermanent]y 
in  the  newly  fertilized  eggs  of  S,  purpuratus  and  foimd  that  the 
addition  of  0.7  cc.  of  0.01  per  cent  KCN  to  50  cc.  of  sea  water  was 
the  minimum  amoimt  required.  We  then  determined  the  influ- 
ence of  various  amoimts  of  KCN  upon  the  rate  of  oxidations. 
Newly  fertilized  eggs  were  divided  into  equal  lots  and  the  amount 
of  oxygen  consumed  in  one  hour  was  determined.  Temperature 
14^C. 

TABLE  I. 


OXTOEK 
CONSUMXD 

1. 

Normal  sea  water 

0.51 
0  17 
0.15 

2. 
3. 

50  cc.  sea  water  +  0.7  cc.  0.01  per  cent  KCN 
50  cc.  sea  water  +  0.9  cc.  0.01  per  cent  KCN 

KATBOr 

oxiD^nojo 


1  00 
033 
0  29 


In  solution  1,  the  eggs  segmented;  in  solutions 2  and  3  no  segmen- 
tation occurred.    The  eggs  were  transferred  from  solutions  2  and 

»  O.  Warburg:  Zeitschr.  f.  physiol.  Chem.,  Ixvi,  p.  305,  1910. 
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3  to  normal  sea  water  and  all  developed  into  normal  larvae.  The 
amount  of  KCN  necessary  to  suppress  cell  division  lowers  the 
rate  of  oxidations  to  one-third  of  the  normal  amount.  A  repeti- 
tion of  the  experiment  confirmed  the  result. 


TAbLE  II. 


OXTOBN 
CONSUMBO 

RATB  OF 
OXIDATIONS 

mgm. 

1. 

Normal  sea  water 

•  •  ■ 

. . . . 

0.65 

1.00 

2. 

50 

cc. 

sea 

water  -f  0.4 

cc. 

0.01 

per 

cent  KCN 

0.34 

0.52 

3. 

50 

cc. 

sea 

water  +  0.7 

cc. 

0.01 

per 

cent  KCN 

0.21 

0.32 

4. 

50 

cc. 

sea 

water  -f  1.0 

cc. 

0.01 

per 

cent  KCN 

0.18 

0.28 

The  addition  of  0.4  cc.  of  KCN  only  retarded  the  development 
but  did  not  suppress  it.  The  addition  of  0.7  cc.  of  KCN  sup- 
pressed cell  division,  and  the  rate  of  oxidations  was  again  exactly 
one-third  of  the  normal. 

Similar  results  had  previously  been  obtained  by  us  for  the  eggs 
of  Arbacia,* 

We  can,  therefore,  state  that  if  the  rate  of  oxidations  of  the  egg 
is  lowered  to  one-third  of  the  normal  amount  found  at  14®C.,  the 
eggs  cease  to  segment.  If  the  prevention  of  segmentation  by  nar- 
cotics were  due  to  the  same  influence  we  should  have  to  expect 
also  a  lowering  of  the  rate  of  oxidations  to  one-third  of  the  normal 
rate  foimd  at  14®C. 

3.  We  tried  a  number  of  narcotics,  various  alcohols,  chloral 
hydrate,  chloroform  and  ethyl  urethane.  The  minimum  amoimt 
required  to  suppress  cell  division  permanently  was  ascertained  for 
each  of  these  narcotics.  The  minimal  dose  varies  slightly  for  the 
eggs  of  various  individuals. 

a.  Chloral  hydrate.  The  minimum  amount  required  to  suppress 
cell  division  is  4.2  cc.  of  0.5  per  cent  solution  (made  up  in  -^  NaCl 
+  KCl  +  CaCU)  to  45.8  cc.  of  sea  water.    Temperature  15®C. 


*  Loeb  and  Wasteneys:  Biochem.  Zeitachr.,  xxxvi,  p.  365,  1911. 
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TABLE  in. 


OXTOBir  ftATS  or 

COMBUMBD       I     OXIDATIOSS 


mgm. 

Normal  sea  water 0.65 

2.4  cc.  0.5  per  cent  chloral  hydrate  in '50  cc.  seaj 

water j       0.60 

4.2  cc.  0.5  per  cent  chloral  hydrate  in  50  cc.  sea 

water 0.57 

6.0  cc.  0.5  per  cent  chloral  hydrate  in  50  cc.  sea 

water '        0.57 


1  00 
092 
0.S8 
0.88 


In  the  solution  with  4.2  cc.  and  6.0  cc.  of  chloral  hydrate  the 
eggs  were  no  longer  able  to  segment ;  but  they  segmented  and  devel- 
oped promptly  when  transferred  to  normal  sea  water.  In  the 
solution  with  2.4  cc.  of  chloral  hydrate  the  eggs  segmented.  The 
effect  of  the  chloral  hydrate  upon  oxidations  was  practically  nil. 
The  experiment  was  repeated. 


TABLE  rV'. 

OXTOBK 
CONSUMED 

mATKor 

OXIDATTOXt 

Normal  sea  water - 

mgm.. 

0.51 
0.42 

1  00 

4.2  cc.  0.5  per  cent  chloral  hydrate  in  50  cc. 
water 

r 

sea; 

0  89 

Although  the  segmentations  were  completely  suppressed  in  this 
solution  the  influence  of  the  chloral  hydrate  was  practically  negli- 
gible. We  can  say  with  certainty:  The  narcotic  effect  of  chloral 
hydrate  upon  the  egg  is  not  due  to  asphyxiation  or  a  diminution 
in  the  rate  of  oxidations. 

6.  Ethyl  urethane.  Three  cubic  centimeters  of  a  10  per  cent 
solution  (in  ^  NaCl  +  KCl  +  CaClj)  in  50  cc.  of  sea  water  are  suffi- 
cient to  suppress  cell  division. 

TABLE  V. 


Normal  sea  water 

3  cc.  10  per  cent  ethyl  urethane  in  50  cc.  sea  water 


OXTGEN 
CONatTMCD 


KATKOr 
OXIDATIONS 


mgm. 

0.51 
0.46 


1.00 
0.98 
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With  a  few  exceptions  no  eggs  segmented  in  ethyl  urethane,  but 
all  segmented  when  put  back  into  normal  sea  water. 

c.  Chloroform.  Seven  cubic  centimeters  of  0.5  per  cent  CHCI3 
in  -^  NaCl  +  KCl  +  CaCU  were  required  to  suppress  cell  division. 

TABLE  VI. 


OXYGEN 
CONSUMED 


RATE  or 
OXIDATIONS 


Normal  sea  water 

43  CO.  sea  water  +  7  cc.  0.5  per  cent  chloroform 


mgm. 

0.47 
0.41 


1.00 
0.87 


No  segmentation  occurred  in  the  eggs  in  chloroform,  but  they 
segmented  and  developed  normally  when  transferred  to  normal 
sea  water.  The  narcotic  effect  of  chloroform  is  produced  without 
any  considerable  lowering  of  the  rate  of  oxidations.  The  slight 
lowering  observed  is  not  quite  but  almost  within  the  limits  of  error 
and  cannot  be  considered. 

d.  Propyl  alcohol.  Minimum  amount  necessary  to  suppress 
cell  division  is  3.5  cc.  of  2  m  propyl  alcohol  in  50  cc.  of  sea  water. 
In  order  to  avoid  lowering  of  concentration  of  salts  the  2  m  solu- 
tion of  alcohol  was  made  up  in  ^  NaCl  +  KCl  +  CaC^. 

TABLE  VII. 


In  normal  sea  water 

2.0  cc.  2  M  propyl  alcohol  in  50  cc.  sea  water. . 
3.5  cc.  2  M  propyl  alcohol  in  50  cc.  sea  water. . 
5.0  cc.  2  M  propyl  alcohol  in  50  cc.  sea  water. . 


OXTOEN 
CONSUMED 

mgm. 

1.00 
0.90 
0.92 
0.93 


RATE  OP 
<     OXIDATIONS 


1.00 

0.90 
0.92 
0.93 


In  2  cc.  of  propyl  alcohol  a  few  of  the  eggs  (less  than  1  per  cent) 
segmented.  In  3.5  cc.  and  5  cc.  of  propyl  alcohol  no  egg  segmented. 
A  few  underwent  cytolysis,  but  as  Warburg  has  shown,  and  as  we 
were  able  to  confirm,  this  does  not  alter  the  rate  of  oxidations  in 
the  fertilized  egg.  We  therefore  see  that  the  narcotic  effect  of 
propyl  alcohol  is  not  accompanied  by  any  lowering  of  the  rate  of 
oxidations  in  the  egg. 

e.  Various  other  alcohols.  The  narcotic  effect  of  various  alcohols 
follows  the  rule  that  each  successive  alcohol  of  a  series  is  two  or 
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three  times  as  efficient  for  narcosis  as  the  previous  one.  The 
amount  necessary  for  the  suppression  of  s^mentation  in  the  egg  ci 
S.  purpuratiis  found  for  the  various  alcohols  was  as  follows: 


BATE  or  KmCldPCT 

COMPAKXO  WZXS 

HCTHTL  ALCO>B<H~ 


Methyl  alcohol,  4.0  cc.  10  M  in  50  cc.  sea  water 1 

Ethyl  alcohol,  5.0  cc.  4  m  in  50  cc.  sea  water 2 

Propyl  alcohol,  3.5  cc.  2  m  in  50  cc.  sea  water 6 

Butyl  alcohol,  3.5  cc.  m  in  50  cc.  sea  water 12 


TABLE  VIII. 


Normal  sea  water 

4  cc.  10  M  methyl  alcohol  in  50  cc.  sea  water. 

5  cc.  4  M  ethyl  alcohol  in  50  cc.  sea  water 

7  cc. 


^  butyl  alcohol  in  50  cc.  sea  water. 


OXTOEN 
COKSUMKO 

0.87 
0.83 
0.73 
0.66 


■ATBOr 
OXXDATtOSn 


1  00 
0.95 
0.S4 
0.76 


No  eggs  segmented  in  the  solutions  containing  alcohol  except 
in  the  methyl  alcohol  in  which  25  per  cent  of  the  eggs  s^mented. 
When  transferred  to  normal  sea  water  all  the  ^gs  segmented. 
The  rate  of  oxidations  in  these  experiments  is  too  high  to  account 
for  the  narcotic  effect  on  the  basis  of  asphyxiation.  The  expai- 
ment  with  butyl  alcohol  was  repeated. 

TABLE  IX. 


OXTOBN 
OOK8UMKD 


Normal  sea  water 

6.5  cc.  ^  butyl  alcohol  in  50  cc.  sea  water. 


m0m. 

0.84 
0.66 


RATS  or 

OXlDATIOSa 


1.00 
0.79 


4.  Theoretical  remarks.  The  maximal  lowering  of  the  rate  erf 
oxidations  found  under  the  influence  of  narcotics  was  20  per  cent; 
in  the  majority  of  cases  it  was  less  than  this.  In  the  case  of  propyl 
alcohol  it  was  less  than  10  per  cent;  in  the  case  of  chloral  hydrate 
it  was  about  10  per  cent.  Since  the  temperature  coefficient  for 
the  rate  of  oxidations  in  the  eggs  is  about  2  for  10**C.,*  we  can  pro- 


•  Loeb  and  Wastenejrs:  Biochem,  Zeitschr.,  xxxvi,  p.  345, 1911. 


J.  Loeb  and  H.  Wasteneys  523 

duce  a  lowering  of  the  rate  of  oxidations  of  20  per  cent  by  lowering 
the  temperature  two  or  three  degrees,  e.g.,  putting  the  eggs  into 
sea  'water  of  12®  instead  of  into  15®  as  in  these  ^experiments.  The 
previous  experiments  of  Loeb  have  shown  that  the  eggs  of  S.  pur- 
purcUus  segment  not  only  at  12®  but  even  at  3®C.,^when  the  rate  of 
oxidations  is  less  than  one-half  of  that  observed  at  15®C.  In 
addition,  the  experiments  with  KCN  also  show  that  this  substance 
does  not  suppress  cell  division  imtil  the  rate  of  oxidations  is  reduced 
to  one-third  of  the  normal  value.  From  these  facts  we  can  state 
with  certainty  that  the  effect  of  narcotics  upon  the  eggs  of  the  sea 
urchin  is  not  due  to  asphyxiation;  a  conclusion  which  Warbm-g 
reached  also  in  his  experiments  with  phenyl  urethane. 

Kisch*  has  recently  published  experiments  which  show  that  the 
photodynamic  effect  due  to  oxidations  is  raised  instead  of  being 
diminished  if  narcotics  are  added  to  the  medium. 

SUMMARY. 

It  is  shown  that  chloral  hydrate,  ethyl  urethane,  chloroform  and 
various  alcohols  produce  complete  narcosis  in  the  fertilized  eggs  of 
the  sea  urchin  without  practically  lowering  the  rate  of  oxidations 
in  the  egg. 


•Kisch:  Zeitschr.  /.  BioLy  ix,  p.  399,  1913. 


THE  CHEMISTRY  OF  GLUCONEOGENESIS.^ 

III.    THE  FATE  OF  ISOBUTYRIC,  ISOVALERIANIC  AND  ISOCAPROIC 
ACIDS  IN  THE  DIABETIC  ORGANISM,  WITH  CONSIDERA- 
TION OF  THE  INTERMEDIARY  METABOLISM 
OF  LEUCINE  AND   VALINE. 

By  a.  I.  RINGER,  E.  M.  FRANKEL  and  L.  JONAS. 

(From  the  Department  of  Physiological  Chemistry  of  the  University  of  Penn- 
sylvania, Philadelphia,  Pa.) 

(Received  for  publication,  April  30,  1913.) 

For  the  proper  understanding  of  the  processes  involved  in  the 
metabolism  of  the  different  foodstuffs  it  is  essential  to  know  the 
fate  of  the  individual  products  of  metabolism  in  the  body.  For 
the  past  few  years  this  question  has  been  the  center  of  attack  from 
different  angles.  The  difficulties  associated  with  these  researches 
appeared  insurmountable  at  times,  but  with  the  latest  developments 
in  the  application  of  organic  chemistry  to  biological  processes  more 
and  more  light  is  being  thrown  on  the  subject  of  the  intermediary 
metabolism  of  foodstuffs. 

There  are  a  number  of  methods  that  have  been  devised  of  late 
for  the  prosecution  of  these  researches,  and  while  it  must  be  ad- 
mitted that  every  one  of  them  may  be  associated  with  a  certain 
amount  of  error,  they  have  nevertheless  all  helped  to  bring  to  light 
certain  definite  reactions.  The  entire  subject  has  been  recently 
reviewed^  and  much  space  need  not  be  given  here  to  this  phase  of 
the  problem. 

In  these  researches  animals  were  made  diabetic  by  daily  injec- 
tions of  1  gram  of  phlorhizin  ground  up  in  a  mortar  with  10  cc.  of 
olive  oil.  The  urine  was  collected  by  catheter  and  at  the  end  of 
each  period  of  twelve  hours  the  bladder  was  washed  three  times 
with  warm  distilled  water. 

*  Aided  by  a  grant  from  the  Rockefeller  Institute  for  Medical  Research. 

*  Dakin:  Oxidations  and  Reductions  in  the  Animal   Body,    Longmans, 
Green  and  Company,  London,  1912. 
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The  urine  was  analyzed  for  its  optical  activity,  nitrogen,  ghicose. 
ammonia,  acetone,  aceto-acetic  acid  and  /3-hydroxybutyric  add. 
In  these  determinations  we  were  assisted  by  Mr.  C.  A.  Horn- 
berger. 

The  original  purpose  of  these  researches  was  to  find  the  chemical 
configuration  that  a  substance  required  in  order  to  become  con- 
verted into  glucose  in  the  diabetic  organism.  It  soon  became  evi- 
dent that  the  study  of  this  problem  was  so  closely  interwoven  with 
questions  of  the  intermediary  metabolism  of  foodstuffs  and  sub- 
stances chemically  rdated  to  them,  that  it  was  deemed  necessary 
to  extend  the  scope  of  this  investigation  to  a  broader  field. 

The  method  employed  in  these  researches  permits  of  the  study  of 
the  following  problems: 

I.  The  fate  of  different  substances  in  the  animal  body  with  rrfer- 
ence  to  their  ability  to  form  glucose. 

II.  The  fate  of  different  substances  with  reference  to  their  ability 
to  give  rise  to  /3-hydroxybutyric  acid,  aceto-acetic  acid  and  ace- 
tone. 

III.  The  chemical  changes  that  different  substances  undergo  in 
the  process  of  catabolism  in  the  animal  body  before  their  conversion 
into  glucose  or  acetone  bodies. 

I\^  The  influence  of  different  substances  on  the  metabolic  pro- 
cesses of  the  diabetic  organism — especially  antiketogenesis. 

V.  The  r61e  of  different  substances  in  the  pathology  of  diabetes. 

In  the  first  two  papers  of  thi^  series  it  was  shown  that  the  normal 
fatty  acids  in  the  processes  of  catabolism  in  the  diabetic  animal 
undergo  very  definite  reactions,  by  beconung  oxidized  in  the 
/3-position,  giving  rise  to  an  acid  with  two  carbons  l^s.  This  con- 
clusion was  reached  after  having  established  the  fact  that  propionic 
acid  (when  fed  to  diabetic  dogs)  is  completely  converted  into  glu- 
cose, and  that  of  the  higher  fatty  acids  Only  those  give  rise  to  glu- 
cose which  stand  in  relationship  to  propionic  acid  by  having  two 
(or  a  multiple  thereof)  carbons  more.  Thus  n-valerianic  and  n-hep- 
tylic  acids,  containing  five  and  seven  carbons  respectively,  give 
rise  to  glucose,  whereas  n-butyric  and  n-caproic  acids,  containing 
four  and  six  carbons  respectively,  do  not  give  rise  to  glucose,  but 
to  an  increase  in  the  acetone  bodies.  These  findings  add  increased 
support  to  Knqop^s  hypothesis  of  /3-oxidation. 

In  this  conununication  are  recorded  the  results  of  experiments 
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with  isobut)n'ic,  isovalerianic  and  isocaproic  acids  fed  to  diabetic 

'Fhe  methods  employed  were  essentially  the  same  as  those  of  the 
previous  experiments,  with  the  exception  that  the  phlorhizin  was 
administered  according  to  the  Coolen  method.  It  yields  very  satis- 
factory results,  and  with  greater  comfort  to  both  oi>erator  and  ani- 
mal. The  /9-hydroxy butyric  acid  was  determined  by  Shaffer's 
method. 

The  iso  compounds  enumerated  above  stand  in  very  close  rela- 
tionship to  several  ihiportant  amino-acids, 


CH 

COOH 

CH3  CHj 

\/ 
CH 

CH, 

CH3  CH3 

\/ 
CH 

CH— NH2 

CH3  CH3 

\/ 

CH 

: 

CHj 

CH3  CH3 

\/ 
CH 

CH2 

COOH 

COOH 

CH— NH2 
COOH 

CH2 
COOH 

Isobutyric 
acid. 

Isovalerianic 
acid. 

Valine. 

Leucine. 

• 

Isocaproic 
acid. 

and  the  results  of  our  experiments  seem  to  throw  light  on  the  inter- 
mediar>^  metabolism  of  these  amino-acids. 

The  effect  of  isobutyric  acid, 

CHsv 

>CH— COOH 
CHa^ 

Baer  and  Blum'  gave  20  grams  of  isobutyric  acid  to  a  diabetic 
patient  with  the  object  of  ascertaining  whether  it  would  cause 
increased  elimination  of  the  acetone  bodies.  They  did  not  get 
any  increase  in  the  /S-hydroxy butyric  acid  or  acetone.  Embden, 
Salomon  and  Schmidt*  perfused  the  liver  with  blood  containing 
isobutyric  acid  and  found  no  increase  in  the  acetone  formation. 

In  this  series  of  experiments  isobutyric  acid  was  fed  with  a 
double  object  in  view.     First,  both  Baer  and  Blum  and  Embden 

'  Baer  and  Blum:  Arch.f.  exp.  Path.  u.  Pharm.,  Iv,  p.  89, 1906. 

*  Embden,  Salomon  and  Schmidt:  Hofmeister^s  Beitrdgey  viii,  p.  129. 


528  Chemistry  of  Gluconeogenesis 

suggested  the  possibility  of  demethylation  in  the  catabolism  of  the 
isobutyric  acid  molecule,  with  the  introduction  of  either  an  H  or  an 
OH  in  the  a-carbon: 

CH3  CHs  CH3  ;  CH4  CII3  :  CHj 

\/  "I  "I 

CH >  CH2  or  CHOH 


COOH  COOH  CHOH 

If  this  were  true,  isobutyric  acid  would  give  rise  to  propionic  acid 
or  lactic  acid,  either  of  which  should  give  rise  to  extra  glucow. 
Second,  it  was  of  great  importance  to  study  the  possible  effects  of 
isobutyric  acid  on  acidosis. 

In  experhnent  XI,  period  VI,  the  animal  was  given  subcutane 
ously  10  grams  of  isobutyric  acid  as  sodium  salt.  The  glucose 
elimination  rose  from  11.5  to  14.03  grams.  The  nitrogen  elimina- 
tion sank  from  3.6  in  the  fore  period  to  3.29  and  2.55  in  periods  VI 
and  VII,  respectively,  to  rise  again  to  3.61  in  period  VIII.  The 
amoimt  of  extra  glucose  eliminated  was  5.52  grams  (calculated  by 
the  method  suggested  by  Lusk  and  Ringer).*  The  most  remarkable 
effect  of  the  isobutyric  acid  was  on  the  acetone  and  jS-hydroxy- 
butyric  acid  elimination.  In  the  fore  period  the  acetone  elimina- 
tion was  0.223  gram;  it  dropped  down  to  0.059  and  rose  again 
to  almost  the  original  level  in  period  VII.  The  /3-hydrox\'but}Tic 
acid,  which  stood  at  1.1  grams  for  two  successive  periods,  dropped 
to  0.238  gram  and  returned  to  1.325  grams  as  the  effect  of  the 
isobutyric  acid  wore  off.  In  period  XII  of  the  same  experiment  a 
similar  dose  of  isobutyric  acid  was  administered  to  the  same  dog. 
The  effects  were  essentially  the  same,  except  that  the  amount  of 
extra  glucose  was  less  than  in  the  first  case. 

In  periods  IX  and  XII  of  experiment  XII  the  animal  received  10 
grams  of  isobutyric  acid.  The  yield  of  extra  glucose  was  7.6  grams 
in  period  IX  and  4.3  grams  in  period  XII. 

In  period  VI  of  experiment  XII  the  animal  received  20  grams  of 
isobutyric  acid,  which  resulted  in  the  elimination  of  9.15  grams  0! 
extra  glucose.  In  period  XII  of  the  same  experiment  the  animal 
was  given  subcutaneously  10  grams  of  isobutyl  alcohol,  which  re- 
sulted in  the  elimination  of  10.3  grams  of  extra  glucose. 

•  Ringer  and  Lusk:  Zeitschr.f.  physiol,  Chemlj  Ixvi,  p.  106,  1910. 
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All  these  experiments  prove  beyond  question  that  isobiUyric 
add  gives  rise  to  considerable  quantities  of  extra  glucose.  In  most 
of  the  cases  there  was  a  very  marked  diminution  in  the  nitrogen 
output,  immediately  following  the  isobutyric  acid  admmistration. 
This  phenomenn^  is  very  marked  in  experiments  XI,  XII  and  XIV. 
It  is,  however,  absent  in  experiment  XIII,  periods  VI  and  VII. 

Another  point  of  great  interest  is  the  effect  of  isobut)rric  acid  on 
the  elimination  of  acetone  bodies.  In  experiment  XI  the  effect 
was  very  marked,  while  in  the  others  it  was  hardly  noticeable. 
These  individual  differences  point  very  strongly  to  the  existence  of 
certam  factors  in  the  metabolism  of  the  diabetic  organism  which 
determine  the  action  of  isobutyric  acid  and  similar  substances. 
Since  these  experiments  were  performed,  we  have  administered  iso- 
butyric acid  to  several  patients,  some  with  very  severe  and  others 
with  moderately  severe  acidosis.  It  was  found  that  in  severe  cases 
of  diabetes  most  of  the  isobutyric  acid  is  converted  into  glucose, 
no  effect  whatsoever  being  exerted  on  the  acidosis.  In  the  milder 
cases  it  is  similarly  converted  into  glucose,  but  very  distinct  anti- 
ketogenetic  effects  are  noted.  The  influence  of  isobutyric  acid 
on  the  nitrogen  metabolism  in  animals  and  on  acidosis  in  human 
diabetes  will  form  the  subject  of  a  separate  communication  in  the 
near  future. 

The  effect  of  isovalerianic  add. 

CHjv 

)>CH— CHa— COOH 
CH3/ 

That  isovalerianic  acid  gives  rise  to  large  quantities  of  jS-hydroxy- 
butyric  acid,  aceto-acetic  acid  and  acetone  has  been  proven 
beyond  question  by  Baer  and  Blum*  in  the  diabetic  patient  and  by 
Embden^  who  found  an  increase  in  the  aceto-acetic  acid  formation 
on  perfusing  an  excised  liver  with  blood  containing  2  grams  of 
isovalerianic  acid. 

In  this  research  it  was  our  object  to  see  whether  isovalerianic 
acid  has  any  influence  on  the  glucose  elimination.  In  experiment 
XI  period  IX,  in  experiment  XII  period  VI  and  in  experiment  XIV 

•  Loc.  ciL 
'  Loc.  cii. 
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period  XI,  10  grams  of  isovalerianic  acid  as  sodium  salt  were  admin- 
istered  subcutaneously.  In  none  of  these  experiments  was  there 
any  increase  in  the  glucose.  The  elimination  of  the  acetone  bodies 
was  increased  to  a  remarkable  extent,  thus  confirming  the  findings 
of  Baer  and  Blum  and  of  Embden. 

The  effect  of  isocaproic  acid  {isobtUyl  acetic  add). 


XH— CHj— CHj— COOH 

3' 


CH-^ 


Embden  perfused  a  dog's  liver  with  blood  containing  isocaproic 
%A  and  obtained  no  increase  in  the  aceto-acetic  acid  formation. 
H'e  performed  our  experiments  with  this. substance  to  see  what 
:-..*!uence  it  has  on  acidosis  and  whether  it  will  give  rise  to  extra 
riacose.     Reasoning  a  priori,  one  would  expect  this  substance 
til  give  rise  to  glucose.    The  process  of  demethylation  having  been 
established  in  iso  compounds  in  the  case  of  isobutyric  and  isovaleri- 
anic acids,  there  is  every  reason  to  suppose  that  such  a  process 
takes  place  in  the  isocaproic  acid  molecule.    Valerianic  acid  would 
be  formed  first,  which  after  imdergoing  j3-oxidation,  would  give 
rise  to  propionic  acid  and  to  glucose. 

CHs  CH3  CH3  i  CH3  CH3 

\/  ^  I  I 

CH >  CH2     ►CH2     ■ >CtH«0, 


iS— CH2  fi—  CH2  COOH 

I  I 

a— CH2  a—  CH2  CHj 

COOH  COOH  COOH 

In  period  III  of  experiment  XIII,  11.6  grams  of  isocaproic  add 
were  given  subcutaneously  as  sodium  salt.  The  glucose  elimina- 
tion rose  from  24.6  grams  in  the  fore  period  to  25.19  grams,  in  spite 
of  the  drop  in  the  nitrogen.  The  D :  N  ratio,  which  was  3.38  in  the 
fore  period  and  3.36  in  the  after  period,  rose  to  3.65.  The  extra 
glucose  eliminated  was  1.95  grams.  In  experiments  XIV  periods 
XVIII  and  XIX  and  in  experiment  XV  period  IX,  10  grams  of 
isocaproic  acid  as  sodium  salt  were  given  per  os.  The  results  in 
both  cases  corroborate  the  results  in  the  first  experiment  in  showing 
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that  extra  glucose  is  formed  from  isocaproic  acid.  It  is  true  that 
the  amount  of  extra  glucose  does  not  come  up  to  the  theoretical 
value,  but,  as  will  be  seen  from  other  experiments,  theoretical  yields 
are  not  always  obtained. 

Intermediary  metabolism  of  fatty  adds  containing  an  isopropyl 

radical. 

CH3  CH3 

\/ 
CH 


From  the  work  of  Baer  and  Blum,  Embden  and  our  own,  it  is  ap- 
parent that  all  compoimds  containing  an  isopropyl  radical  imdergo 
demethylation.  The  question  of  interest  in  this  connection  is, 
in  what  way  does  the  methyl  radical  dissociate  from  the  rest  of  the 
molecule?  Baer  and  Blum  have  advanced  the  suggestion  that  the 
CH3  may  leave  the  molecule  and  an  OH  radical  take  its  place. 
They  based  this  suggestion  upon  the  fact  that  after  feeding  20 
grams  of  isobutyric  acid  they  obtained  0.5  gram  of  zinc  lactate  from 
one-half  of  the  twenty-four  hours'  urine,  and  also  upon  the  fact  that 
isovalerianic  acid  gave  rise  to  /S-hydroxybutyric  acid.  We  are 
inclined  to  beHeve  that  the  methyl  radical  is  removed  by  a  process 
of  hydrolysis,  the  OH  going  to  the  methyl  radical,  forming  CH3OH, 
which  is  oxidized  in  the  body,  while  the  H  radical  goes  to  replace 
the  CH3,  formmg  an  acid  of  the  normal  series.  Thus  isobutyric 
acid  gives  rise  to  propionic  acid  which  in  turn  may  give  rise  to  lactic 
acid.  Isovalerianic  acid  gives  rise  to  butyric  acid  which  in  turn 
produces  /S-hydroxy butyric  acid.  This  also  explains  why  Baer  and 
Blum  obtained  jS-hydroxybutyric  acid  from  a-methylbutyric  acid 
and  failed  to  get  it  from  a-hydroxybutyric  acid. 

Intermediary  metabolism  of  amino-adds  containing  an  isopropyl 

radical. 

Embden  and  Marx^  in  their  perfusion  experiments  foimd  that 
a-amino-valerianic  acid  gave  rise  to  aceto-acetic  acid,  while  neither 
a-amino-butyric  nor  a-amino-caproic  acids  showed  any  evidence  of 

^  Embden  and  Marx:  Hofmeister's  Beilrdge,  xi,  p.  318,  1908. 
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yielding  aceto-acetic  acid.  They  drew  the  oonclusioii  that  a-€unino- 
acids  suffer  oxidation  m  the  a-position  giving  rise  to  acids  with  one 
carbon  atom  less,  while  the  carboxyl  radical  is  split  oflF,  in  all  proba- 
bility in  the  form  of  CO2. 

In  the  protein  molecule  we  find  two  amino-a«Ms  which  contain 
the  isopropyl  radical — leucine  and  valine.  Halsey •  fed  leucine  to 
phlorhizinized  dogs,  and,  of  six  feedings,  two  showed  coni^deraUe 
amounts  of  extra  glucose,  and  four  gave  entirely  negative  results. 
Recently  Dakin  published  one  experiment  in  which  he  fed  15  grams 
of  i-leucine  and  obtamed  4  grams  of  extra  glucose.  Neither  Habey 
nor  Dakin  are  inclined  to  attribute  glucogenetic  properties  to 
leucine. 

When  we  consider  leucine  in  the  light  of  our  expmments  with 
unsubstituted  fatty  acids  with  branched  chains,  and  having  in 
mmd  Embden's  results,  m  which  he  showed  that  leucine  is  a 
strong  aceto-acetic  acid  builder,  there  remains  only  one  possiUe 
conclusion  with  regard  to  the  catabolism  of  leucine.  As  far  as  our 
knowledge  goes,  and  as  will  be  shown  in  a  following  communication, 
we  are  fully  justified  in  assuming  that  all  carbons  in  the  o-positioD 
having  an  amino  radical  lose  the  amino  radical  and  become  oxidized 
possibly  to  the  carboxyl  state,  giving  rise  to  compounds  (acidsi 
with  one  carbon  less. 

For  the  present  we  do  not  include  glycocoU  or  alanine  in  thfe 
category.  Experiments  are  in  progress  which  will  throw  light  on 
the  r61e  of  the  carboxyl  in  the  formation  of  glucose  from  these  sub- 
stances. 

Leucme  in  its  catabolism  can  be  assumed  to  pass  throu^  the 
following  intermediary  stages: 

CH,CH8  CHsCHs         CHs  CH^  CH3  CEi 

\/                  \/            I                    I            _    I 
CH         >     CH  ►  CH2    >  CHOH  IZZ  CX)    ►  CO 


CH2  CH2  CH2  CH2  CH2  CHj 

I  I  I  I  I 

CH— NH2  COOH        COOH  COOH  COOH 


COOH 


•  Halsey:  Amer,  Journ,  of  PhysioL,  x,  p.  229, 1903. 
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Ordinarily  leucine  cannot  be  classed  as  a  glucose-yielding  sub- 
stance, but  under  certain  circumstances  it  may  give  rise  to  glucose. 
There  are  certain  flora  of  intestinal  bacteria  that  seem  to  possess 
the  power  of  effecting  a-oxidation.  In  one  of  our  experiments 
butyric  acid,  which,  when  given  subcutaneously  never  yields  even 
a  trace  of  glucose,  when  fed  per  os  gave  rise  to  as  much  as  3  grams 
of  glucose.  This  reaction  cannot  be  explained  in  any  other  way, 
and  it  seems  very  possible  that  the  same  factors  obscured  Halsey's 
two  experiments. 

When  we  foimd  that  isobutyric  acid  gave  rise  to  glucose  and 
that  isobutyl  alcohol  could  yield  an  amount  of  glucose  that  corres- 
ponds to  the  conversion  of  three  of  its  carbons  into  glucose,  we 
were  led  to  the  belief  that  valine  in  its  catabolism  was  broken  down 
to  isobutyric  acid,  and  that  it  would  be  found  to  be  one  of  the  amino- 
acids  that  give  rise  to  glucose. 

CH3  CH3  CH3 


2   CH  >     2  CH2  >     C6H12O6 


CH2OH  CH2OH 

148  :  120  :  180 

10         :  8.1  :  12.1    (found  10.3) 

In  his  paper  on  the  "Intermediary  Metabolism  of  Amino-acids," 
Dakin**^  showed  that  valine  yields  practically  no  glucose.  This  of 
course  makes  our  theory  more  difficult  of  interpretation,  but  we 
do  not  believe  it  robs  the  theory  of  its  strength,  for  the  antiketo- 
genetic  properties  of  valine  are  very  similar  to  those  of  isobutyric 
acid,  and  as  will  be  shown  in  the  future,  this  property  is  possessed 
only  by  compounds  capable  of  forming  glucose.  (The  reverse, 
however,  is  not  true,  i.e.,  not  all  compounds  that  are  capable  of 
forming  glucose  possess  antiketogenetic  properties.) 

SUMMARY. 

Experiments  were  performed  on  phlorhizinized  dogs. 

I.  It  was  found  that  isobutyric  acid  and  isobutyl  alcohol  give 
rise  to  glucose,  probably  by  undergoing  demethylation  and  by 
giving  rise  to  normal  fatty  acids  (propionic  acid). 

^^Dakin:  This  Journal,  xiv,  p.  321,  1913. 
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II.  Isovalerianic  acid  does  not  give  rise  to  glucose^  but  to  large 
quantities  of  aceto-acetic  acid,  acetone  and  /3-hydroxybutyric  acid. 

III.  Isocaproic  acid  was  found  to  give  rise  to  glucose,  probably 
having,  by  a  process  of  demethylation,  formed  normal  valerianic 
acid,  which  became  oxidized  to  propionic  acid. 

IV.  Isobutyric  acid,  in  certain  cases,  possesses  very  marked  anti- 
ketogenetic  properties. 

V.  It  is  suggested  that  isovalerianic  acid  is  one  of  the  intermedi- 
ary stages  in  the  catabolism  of  leucine. 

VI.  It  is  also  suggested  that  isobutyric  acid  may  be  an  inter- 
mediary body  in  the  catabolism  of  valine. 
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Embden  and  Marx^  found  that  on  perfusing  an  extirpated 
liver  with  blood  to  which  a-amino-valerianic  acid  had  been  added, 
there  was  an  increase  in  the  aceto-acetic  acid  formation,  while 
a-amino-butyric  acid  and  a-amino-caproic  acid  gave  negative 
results. 
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It  is  evident  that  a-amino-valerianic  acid  must  have  been 
changed  to  a  four-carbon  compound  before  it  could  possibly  give 
rise  to  aceto-acetic  acid.  The  authors  therefore  concluded  that  in 
a-amino-acids  the  a-carbon,  containing  the  amino  radical,  becomes 

'  Aided  by  a  grant  from  the  Rockefeller  Institute  for  Medical  Research. 
^  Embden  and  Marx:  Hofmeister^s  Beitpdge,  xi,  p.  318,  1908. 


539 


540 


Chemistry  of  Gluconeogenesis 


oxidized  to  a  carboxyl  state,  giviiig  riae  to  a  fatty  acid  with  cne 
carbon  less. 

Lusk»  found  that  the  feeding  of  20  grams  of  ^utamic  add  was 
followed  by  an  eliminati<Mi  of  13^  grams  of  extra  glucose. 

Ringer  and  Lusk^  extended  these  investigations  and  found  that 
20  grams  of  aspartic  acid  yielded  as  much  as  14.9  grams  of  extr& 
glucose.  These  results  corresponded  to  the  conversion  into  ^ 
cose  of  three  of  the  carbons  of  dther  the  aspartic  or  ^utanuc  acid 
molecule.  It  was  then  suggested  that  glutamic  acid  undergoes  the 
following  changes  in  the  diabetic  organism  by  giving  rise  to  gly- 
ceric acid,  which  was  found  capable  of  forming  extra  ^ucose. 


COOH 


CX)OH 


CH2 

» 

^— CH, 

f 
I 


CH— XHi 


COOH 


CHs 

CHiOH 

1 
CHOH 

I 
COOH 


For  aspartic  acid  it  was  suggested  that  the  molecule  may  suffer 
oxidation  in  the  a-position,  i.e.,  in  the  carbon  containing  the  amino 
radical,  giving  rise  to  hydracrylic  acid. 


COOH 
CH2 

i 

CH— NHa 

I 
COOH 


COOH 

I 
CHj 

I 
CH2OH 

COi 


In  this  series  of  researches  it  was  our  object  to  test  experi- 
mentally the  paths  that  these  amino-acids  may  take  in  their 
catalxjlism.  In  view  of  the  outcome  of  Embden  and  Marx' 
exi^oriments,  it  suggested  itself  that  glutamic  acid  may  undergo 
deaminization  with  oxidation  in  the  a-carbon  giving  rise  to  a 


•  Lusk:  Amer,  Journ.  of  Physiol. ^  xxii,  p.  174, 1908. 

*  Ringer  and  Lusk:  Zeitschr.f.  phystol,  Chem.,  Ixvi,  p.  106,  1910. 
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dibasic  acid  with  one  less  carbon,  i.e.,  with  four  carbons,  namely, 
succinic  acid.  If  this  were  true,  succinic  acid  would  yield  glucose 
in  the  diabetic  animal  as  readily  as  does  glutamic  acid. 

COOH  COOH 

I  I 

CH2  CH2 


CH2  ►      CHj 


CH— NH2  COOH 

I 


COOH  CO2  +  NHj 

In  experiment  XVI,  period  IV,  11.8  grams  (yir)  of  succinic  acid 
aa  sodium  salt  were  given  per  os.  The  glucose  elimination,  which 
was  27.26  in  the  fore  period  and  25.02  in  the  after  period,  rose 
to  32.74  grams.  The  D:N  ratio  rose  from  3.41  to  3.99.  The 
amount  of  extra  glucose  eliminated  was  5.15  grams.  In  experi- 
ment XVII,  i>eriod  XIII,  11.8  grams  of  succinic  acid  as  sodium 
salt  were  given  subcutaneously.  The  yield  of  extra  glucose  was 
much  larger,  amounting  to  9.45  grams. 

These  two  experiments  prove  very  conclusively  that  succinic 
acid  can  yield  large  quantities  of  extra  glucose.  The  question  now 
arises — is  it  merely  an  incident  that  these  two  substances  give 
rise  to  glucose  or  does  it  actually  prove  that  glutamic  acid  passes 
through  succinic  acid  in  its  intermediary  stages  of  metabolism? 
We  believe  that  the  latter  is  the  case,  and  that  glutamic  acid 
does  give  rise  to  succinic  acid  for  the  following  additional  reason: 
Succinic  acid  is  found  as  one  of  the  by-products  of  alcoholic  fer- 
mentation. Pasteur*  proved  its  presence  conclusively  and  found 
that  the  quantity  of  succinic  acid  bore  a  relationship  of  0.4  to 
0.7  per  cent  to  the  fermented  glucose.  He  believed  that  succinic 
acid  was  a  product  of  the  fermentation  of  the  glucose  molecule. 
This  theory  of  Pasteur  greatly  disturbed  the  then  current  con- 
ception of  Gay-Lussac  that  a  molecule  of  glucose,  in  the  process 
of  fermentation,  breaks  down  to  two  molecules  of  alcohol  and  two 
molecules  of  carbon  dioxide. 

CHiiOe  =  2CiH60H  +  2CO2 

•  Pasteur:  Compt.  rend.  Acad.  Set.,  1858  to  1859;  Ann.  de  chim.  el  de  phys., 
(3)  Iviii,  p.  323,  1860. 


542  Chemistry  of  Gluconeogenesis 

During  the  next  forty  years  this  was  the  subject  of  a  great  many 
investigations  and  slowly  evidence  accumulated  which  tended  to 
disprove  Pasteur's  theory  of  succinic  acid  arising  from  the  glucose 
molecule.  It  was  shown  that  the  quantity  of  succinic  acid  wb> 
not  prop>ortional  to  the  amount  of  glucose  fermented,  but  to  tie 
length  of  time  that  fermentation  was  permitted  to  go  on.  Buchner 
and  Meisenheimer^  finally  succeeded  in  showing  that  succinic  acid 
was  not  a  product  of  glucose  fermentation,  but  a  product  of  the 
metabolism  of  the  yeast  cell.  Working  with  expressed  cell-free 
juice  of  yeast,  they  could  find  no  succinic  acid.  The  problem  of 
the  origin  of  succinic  acid  in  the  by-products  of  alcohoUc  fmnai- 
tation  was  solved  definitely  by  Felix  Ehrlich.^  He  found  that  the 
higher  alcohols  of  fusel  oil  were  the  products  of  the  protein  metabo- 
lism of  the  yeast  cell.  He  then  devoted  his  researches  to  finding 
the  mother  substances  of  succinic  acid.  It  was  already  known 
at  that  time  that  bacteria  were  capable  of  eflfecting  deaminization 
of  amino-acids  by  splitting  off  the  NH2  radical  and  converting  it 
into  NH3  substituting  a  hydrogen  for  the  removed  NHj. 

COOH-CHj-CHXHi-COOH  +  Hi  =  COOH-CH.-CHi-COOH  +  iVa 

It  was  also  known  that  in  addition  to  succinic  acid  small  quantities 
of  aspartic  acid  were  found  in  the  fermentation  mixture.  It  there- 
fore suggested  itself  to  Ehrlich  that  aspartic  acid  might  be  the 
mother  substance  of  succinic  acid  and  that  glutamic  acid  might 
be  the  mother  substance  of  glutaric  acid,  which  would  mean,  if 
proven,  that  yeast  cells,  like  bacteria,  are  capable  of  bringing 
about  deaminization  in  a  very  simple  way — by  splitting  off  NH: 
and  substituting  a  hydrogen  for  it.  When  he  came  to  subject  these 
ideas  to  the  test  of  experimentation,  he  found  that  the  addition  of 
aspartic  acid  to  fermenting  yeast  and  sugar  was  followed  by  no 
increase  in  the  succinic  acid,  but  when  glutamic  acid  was  added, 
he  was  able  ^^stets  sehr  betrdchtliche,  den  namialen  Gehalt  wtii  uber- 
steigende  Mengen  von  Bemsteinmurey  zu  isolieren" 

Here  we  see  the  direct  transformation  of  glutamic  acid  into 
succinic  acid  by  a  living  cell,  and  when  we  compare  these  results 

®  Buchner  and  Meisenheimer:  Ber.  d.  deulsch.  chem.  Gesellsch,,  xxxix 
p.  3201,  1906;  xxxiv,  p.  1529,  1901. 

^  Ehrlich:  Biochem.  Zeitschr,,  xviii,  p.  391,  1909. 
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with  our  own  in  the  diabetic  organism,  we  feel  fully  justified  in 
concluding  that  the  path  of  glviamic  acid  in  metabolism  is  through 
succinic  add  undoubtedly  passing  through  a-hydroxy-glutaric  acid 
and  Y-hydroxy-butyric  acid  as  intermediary  stages: 


^2 


COOH 


-►  CH2 
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CH2 


COOH 


COOH 


^CH2 


CH5 


FI — XH2       CHOH        €H20H 


CO2 


COOH 


^  CH2 


CH2 


COOH 


As  yet 
unknown 
->  "   interme- 
diary 
stages 


■>  Glucose 


The  fate  of  aspartic  acid  in  the  diabetic  organism. 

In  the  foregoing  it  was  shown  that  a-amino-glutaric  acid  (glu- 
tamic acid)  becomes  catabolized  to  succinic  acid,  which  in  turn 
gives  rise  to  extra  glucose.  A  similar  path  of  catabolism  suggests 
itself  for  aspartic  acid,  which  is  chemically  very  closely  related  to 
glutamic  acid. 
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Aspartic  acid,  as  was  shown  by  Ringer  and  Lusk,*  and  aspar- 
agine,  as  was  shown  by  Knopf,®  can  give  rise  to  large  quantities 
of  glucose.  In  tracing  the  p>ossible  intermediary  compounds,  one 
should  find  all  of  them  capable  of  yielding  glucose  to  the  same 
extent  as  does  aspartic  acid.  The  first  intermediary  product  of 
aspartic  acid  after  deaminization  appears  to  be  malic  acid.  In 
experiment  XVI,  period  II,  13.4  grams  (yV)  of  malic  acid  as  sodium 
salt  were  administered  subcutaneously.     The  amount  of  glucose 

•  Ringer  and  Lusk:  loc.  cit. 

•  Knopf:  Arch.f.  exp.  Path.  u.  Pharm.f  xlix,  p.  123,  1903. 
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elimination  rose  considerably,  but  not  all  of  it  can  be  attributed 
to  the  malic  acid,  because  there  was  a  consider^le  rise  in  the 
protein  metabolism  of  the  same  period.  The  D  :N  ratio  ro^ 
from  3.4  in  the  fore  period  to  3.97  in  the  experimental  period. 
The  amount  of  extra  glucose  eliminated  was  5.94  grams.  Voy 
convincing  results  were  obtained  in  experiment  XX,  pmod  \TI. 
13.4  grams  of  malic  acid,  neutralized  with  calculated  amounts  of 
sodium  and  potassium  hydroxide,  were  given  per  os.  The  gluco* 
elimination  rose  from  14  grams  in  the  fore  period  to  21.14  grams, 
in  spite  of  the  drop  of  the  nitrogen  metabolism.  The  D  :N  r&tio 
rose  from  3.12  to  5.27  and  returned  in  the  after  periods  to  3.27 
an^  3.22.    The  calculated  extra  glucose  amounted  to  8.32  grams. 

These  two  experiments  prove  very  condusivdy  that  malic  acidgim 
rise  to  glucose  to  approximately  the  same  extent  as  does  aspartic  acid, 
and  that  it  may  be  considered  a  product  of  aspartic  acid  mdaboiim. 

The  next  question  to  decide  was  whether  hydracrylic  acid  ami 
malonic  acid  give  rise  to  glucose.  Unfortimately  we  had  none  d 
the  former  m  our  possession  and  were  forced  to  pK>stpone  the  ex- 
periment to  a  future  date.  Malonic  acid  was  administered  sera 
times  to  five  different  dogs.  It  was  found  that  because  of  tbf 
large  quantities  of  alkali  necessary  to  neutralize  the  acid,  it  was 
absorbed  with  great  diflSculty,  and  we  were  never  sure  that  all 
of  the  administered  material  was  absorbed.  In  some  cases  it  was 
administered  per  08,  in  others  subcutaneously.  The  oral  admini?- 
trations  were  always  followed  by  diarrhoea.  The  amounts  of  extra 
glucose  produced  by  malonic  acid  are  here  tabulated: 


Experiment 

XVII 

Period 

II 

Extra  Glucose  0.00  | 

;ran 

XVIII 

XVI 

1.00 

u 

XTX 

IV 

2.64 

u 

XIX 

VII 

0.65 

u 

XIX 

X 

2.84 

u 

XX 

**  # 

III 

3.06 

u 

XXI 

III 

1.00 

u 

The  results  are  very  low  indeed,  but  it  is  very  likely  that  in 
the  transformation  of  aspartic  acid  to  a  compoimd  with  three  car- 
bons, the  reaction  ordinarily  does  not  proceed  to  a  point  of  com- 
plete oxidation  of  the  termhial  carbon.  It  is  very  likely  tiiat 
hydracrylic  acid  goes  over  into  glucose  before  the  alcohol  radical 
becomes  oxidized  to  a  carboxyl. 
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Intermediary  metabolwm  of  lysiney  argininey  ornithine  and  proline. 

In  a  recent  series  of  papers,  Dakin^®  showed  that  arginine,  ornith- 
ine and  proline  give  rise  to  glucose,  when  fed  to  diabetic  dogs, 
\irhile  lysine  does  not  give  rise  to  glucose.  Dakin  rightly  suggests 
that  of  the  arginine  only  the  ornithine  moiety  goes  over  into  glu- 
cose. It  seems  U)  us  that  ornithine  and  proline  give  rise  to  glucose 
because  of  their  ability  to  form  succinic  acid  after  undergoing 
deaminization. 
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Lysine,  on  the  other  hand,  after  undergoing  deaminization, 
becomes  converted  into  glutaric  acid  and  this  was  shown  not  to 
be  convertible  into  glucose. 
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SUMMARY. 


Experiments  were  performed  on  phlorhizinized  animals. 
I.  It  was  found  that  succinic,  malic  and  perhaps  also  malonic 
acids  give  rise  to  extra  glucose. 

»o  Dakin:  this  Journal,  xiii,  p.  513,  1913;  xiv,  p.  321,  1913. 
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II.  Evidence  was  presented  to  the  effect  that  succinic  acid  b 
an  intermediary  body  in  the  metabolism  of  glutamic  acid,  omiUiine 
and  proline,  which  accounts  for  the  conversion  of  these  substances 
into  glucose. 

III.  It  is  suggested  that  malonic  acid  may  arise  in  part  from 
the  catabolism  of  aspartic  acid. 

IV.  It  was  also  suggested  that  lysine  in  its  catabolism  passes 
through  a  glutaric  acid  stage,  which  accounts  for  its  non-c(»iv^- 
sion  into  glucose. 
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ON  THE  ACTION  OF  LEUCOCYTES  ON  HEXOSES. 

FOURTH  COMMUNICATION. 

ON  THE  MECHANISM  OF  LACTIC  ACID  FORMATION. 

By  p.  a.*  LEVENE  and  G.  M.  MEYER. 
{From  the  Rockefeller  Institute  for  Medical  Research,  New  York.) 

(Received  fpr  publication,  April  30,   1913.) 

It  was  reported  in  a  previous  communication  that  by  the  action 

of  leucocytes. on  d-glucose,  d-mannose  or  d-fructose,  d-lactic  acid 

was  obtained.    The  mechanism  of  this  transformation  may  be 

interpreted  by  a  process  consisting  of  at  least  three  phases:  First, 

transformation  of  the  six  carbon  chain  molecule  into  two  three 

carbon  chains  such  as  glyceric  aldehyde;  second,  into  the  formation 

of  a  substance  which  would  permit  a  change  in  the  configuration 

of  the  groups  attached  to  the  a-carbon  atom  (to  the  carbonyl 

group) ;  and  third,  the  transformation  of  the  latter  substance  into 

lactic  acid.     It  is  evident  that  the  formation  of  methyl  glyoxal 

in  the  second  phase  of  the  reaction  could  lead  the  way  to  lactic 

acid  formation  by  enzymes  analogous  to  those  which  Knoop  and 

Dakin  found  capable  of  transforming  keto-acids  into  hydroxy- 

acids.     At  the  moment  when  the  previous  communication  was 

prepared  for  publication,  evidence  of  the  existence  of  such  enzymes 

was  lacking,  hence  the  question  was  referred  to  as  one  requiring 

further  experimental  investigation.    In  fact,  experiments  in  that 

direction  were  initiated  immediately  after  the  observations  reported 

in  the  previous  communication  had  been  completed. 

Simultaneously  with  our  observation  on  the  transformation  of 
the  three  hexoses  into  d-lactic  acid,  Dakin  and  Dudley^  made  the 
very  important  discovery  of  the  presence  in  animal  tissues  of  an 
enzyme  capable  of  transforming  phenyl  glyoxal  into  the  natural 
mandelic  acid  and  later  they  supplemented  it  by  an  observation  on 
the  transformation  of  methyl  glyoxal  into  lactic  acid. 

•    *  Dakin  and  Dudley:  this  Journal,  xiv,  p.  155, 1913. 
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The  observations  of  Dakin  and  Dudley  were  soon  eoiTX)borated 
by  Neuberg,'  who  observed  the  transformatkm  of  pyruvic  aidehjde 
into  lactic  acid.  It  seemed  at  first  sight  that  these  observatioos 
entirely  established  the  correctness  of  the  view  of  the  medkaman 
of  the  transformation  of  hexoses  into  lactic  acid  eiqpireaaed  in  oar 
previous  communication.  However,  the  ccmclusion  was  not  ibso- 
lutely  compelling  for  the  following  reasons. 

First,  under  the  conditions  of  the  experiments  of  Dakin  and 
Dudley  and  of  Neuberg,  hexoses  are  not  converted  into  lactk 
acid,  but  remain  intact,  and  it  does  not  naturally  follow  that  an 
enzyme  present  in  autolyzing  tissues  also  is  present  in  the  unin- 
jured cells.  Second,  neither  Dakin  and  Dudley  nor  Neuberg  make 
positive  statements  regarding  the  absolute  absence  of  bactaial 
growth  in  their  solutions.  The  presence  or  absence  of  bacterial 
contamination  is  an  all  important  factor  for  the  consideratkn 
of  the  extent  to  which  the  observations  of  Dakin  and  Dudley  and 
of  Neuberg  can  be  applied  to  the  explanation  of  the  mechanism  of 
conversion  of  the  rf-hexoses  into  d-lactic  acid.  The  enzymes  actm 
in  the  conversion  of  hexoses  into  lactic  acid  bring  about  the  fo^B^ 
tion  of  only  the  dextro-rotatory  substance.  In  the  experiments  (i 
Neuberg  a  mixture  of  dl  and  of  the  d  forms  was  obtained.  It  is 
not  excluded,  under  such  conditions,  that  by  the  action  of  the  eo- 
zyme  only  the  racemic  acid  was  formed  and  that  the  dextro-rota- 
tory isomer  owed  its  origin  to  bacterial  action.  At  the  time  of 
Dakin  and  Dudley's  first  communication  the  authors  brought  no 
evidence  of  the  formation  of  the  optically  active  acid.  Third,  in 
the  work  of  Neuberg  there  is  a  lack  of  evidence  that  the  d-Jactie 
acid  was  not  derived  from  the  liver  tissue  employed  in  his  expai- 
ment. 

By  all  this  we  do  not  for  a  moment  intend  to  detract  from  the 
importance  of  the  discovery  of  Dakin  and  Dudley  and  of  the  obser- 
vations of  Neuberg.  However,  we  felt  that  in  order  to  establish 
our  first  view  on  the  mechanism  of  lactic  acid  formation  from  hex- 
oses beyond  dispute,  it  was  imperative  to  demonstrate  the  convtf- 
sion  of  methyl  glyoxal  into  d-lactic  acid  under  the  same  conditions 
which  enabled  us  to  bring  about  the  conversion  of  d-hexoses  into 
rf-lactic  acid .    For  these  reasons,  and  with  the  consent  of  Dr.  Dakin. 

2  Neuberg:  Biochem.  Zeitschr.j  xlix,  p.  502. 
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we  continued  our  experiments  which  were  in  progress  at  the  time  of 
his  first  publication. 

Our  experiments  were  performed  under  exactly  the  same  condi- 
tions as  those  for  the  conversion  of  hexoses  into  lactic  acid.  There 
was  an  absolute  absence  of  bacterial  growth,  both  aerobic  and  anae- 
robic. Leucocytes  and  kidney  tissue  were  employed  in  the  experi- 
ments. The  conversion  of  methyl  glyoxal  into  lactic  acid  took 
place  with  either  of  the  tissues.  The  lactic  acid  was  a  mixture  of 
dl  and  of  d  forms.  This  furnishes  convincing  evidence  to  the  view 
that  the  formation  of  d-lactic  acid  from  the  various  d-hexoses  is 
conditioned  by  the  intermediate  formation  of  methyl  glyoxal. 

CH,(OH)  CH(OH)CHO  ->  CH,COCHO  ->  CH3CH(0H)C00H 

Controls  with  leucocytes  alone  and  with  kidney  tissue  alone 
(in  quantities  equal  to  those  employed  in  the  principal  experiments) 
showed  the  absence  of  lactic  acid. 

EXPERIMENTAL. 

Leucocytes,  These  were  obtained  from  dogs  by  injecting  turpen- 
tine into  the  pleural  cavity,  according  to  the  method  previously 
described. 

Tissues,  Rabbits  were  killed  by  exsanguination  and  the  kidneys 
removed  aseptically,  and  minced  as  fine  as  possible  under  sterile 
conditions. 

Methyl  glyoxal.  This  was  prepared  from  methyl  glyoxal-diacetol 
according  to  Meisenheimer.^  The  latter  compound  was  obtained 
by  the  method  of  A.  Wohl  and  M.  Lange.'* 

Solutions,  The  methyl  glyoxal  (about  1  gram)  was  dissolved 
in  10  cc.  of  distilled  water  and  sterilized  by  passing  it  through  a 
Berkefeld  filter.  The  washed  leucocytes  were  suspended  in  a 
1  per  cent  Henderson  phosphate  mixture  to  which  had  been  added 
calcium  phosphate,  3  grams  to  each  100  cc.  of  solution.  The  sterile 
methyl  glyoxal  solution  was  added  last.  The  same  procedure  was 
adopted  in  the  experiment  with  the  kidneys. 

Lactic  acid.    The  mixture  of  methyl  glyoxal  with  leucocytes 

'Meisenheimer:  Ber.  d.  deuisch.  chem.  Gesellsch.,  xlv,  p.  2635,  1912. 
*A.  Wohl  and  M.  Lange:  Ber.  d.  deuisch.  chem.  Gesellsch.y  xli,  p.  3612, 
1908. 
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and  Iddneva  wa^  jset  asde  st  37°  for  ^ig^it^i^Mi  hoars,  and  tiba 
iat/^  by  beating  and  with  tne  adtfition  of  wifM  ipul  pbspbone 
aeid  to  di^adolve  the  calciiim  phoephate.  The  Altered  socraoB  vt§ 
extra/rtf:d  with  ether  in  a  von  der  Heide  extracOns  appaatoc  ihi? 
the  addition  c^  sodium  sulphate  and  5  ce.  of  phospfaonr  aol  Tbe 
rincgah  wag  prepaid  accofding  to  the  niethod|Mefckiuali  described 

Baderi/Aogical  ezaminatum.  Both  aenMc  and  anaerofcir  ml- 
ture«  were  made  of  the  solutions  prior  to  their  eoagolatkn  br  Dr. 
J.  Bronfenbrennery  and  we  desire  to  cxpiejB  ovr  afifvemtioQ  for 
his  aAfd::!tance.  Xobacterialgrowth  was  obcained  in  either  insuace 
aft^a-  forty-eight  hours. 

ExPEKDCEXT  1.  Methyl  glyozal  and  lemeoofitt.  About  25  rr. 
of  waribed  leucoc^^tes  were  suspended  in  100  ce«  Hendersan  pbot- 
pliate  solution  with  3  grams  of  calcium  pho^ihate  and  about 
1  gram  methyl  glyoxal,  and  allowed  to  stand  for  eighteen  boors  st 
37^.    There  wa^!  obtained  0.283  gram  zinc  lactate. 

0.0^11  gram  of  the  recryvtallixed  anhydroos  salt  after  isEUtioo  g^xtOSST^ 
gram  ZdO  -^  33.S0  per  cent  ZnO.    Calculated  =  33.40  per  ceoL 

0.2540  gram  sine  lactate  in  5  cc.  water,  total  weight  5.3622  grams,  gate  i 
rotation  in  a  2  dm.  tube  of  a  »  —  0.14*  (pore  D-light). 

ExPERiMEXT  2.  Methyl  glyoxal  and  kidneys.  Both  kidnej's  d 
a  rabbit  were  minced  and  added  to  100  cc.  Hend^^on  pho^bate 
solution  containing  3  grams  of  calcium  pho^hate,  and  about  1 
gram  of  methyl  glyoxal  in  10  cc.  water  added.  There  was  obtained 
0-2440  gram  zinc  lactate. 

0/).7(^  gram  of  the  anhydrous  salt  after  ignition  gave  0.0198  gram  ZnO 
=  33.2S  per  cent  ZnO.    CalcuUtcd  =  33.40  per  cent. 

0.2440  gram  zinc  lactate  dissolved  in  5  cc.  water,  total  weight  5.8350 grams, 
gave  a  rotation  in  a  2  dm.  tube  of  a  »  0.10**  (pure  D-light). 
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A  CONTRIBXJTION  TO  A  THEORY  CONCERNING  THE 

INTERMEDIART  METABOUSM  OF  CARBO- 

HTDRATES  AND  PROTEINS. 

THE  MUTUAL  INTERCONVERSION  OF  cf-AMINO-ACIDS, 
oe-HTDROZT-ACIDS  AND  oe-KBTONIC  ALDEHYDES. 

By  H.  D.  DAKIN  and  H.  W.  DUDLEY. 
{From  the  Herter  Laboratory y  New  York,) 

(Received  for  publication,  May  2,  1913.) 

The  object  of  the  following  communication  is  to  give  a  prelimi- 
nary account  of  certain  new  observations  that  appear  to  be  of 
significance  in  connection  with  the  intermediary  metabolism  of 
carbohydrates  and  of  proteins.* 

It  has  long  been  known  that  lactic  acid  occupies  an  exceptional 
position  in  relation  to  the  metabolism  of  glucose  and  of  amino- 
acids.  Its  formation  from  glucose  and  glycogen  has  been  accepted 
for  many  years  and  the  work  of  Embden  and  his  collaborators* 
demonstrating  its  production  during  the  perfusion  of  glycogen- 
rich  livers  afforded  strong  support  for  this  view.  But  the  first 
really  convincing  evidence  of  the  decomposition  of  glucose  with  a 
formation  of  lactic  acid  commensurate  with  the  disappearance  of 
glucose  was  furnished  by  the  admirable  experiments  of  Levene  and 
Meyer^  on  the  action  of  leucocytes  upon  sugars.  The  converse 
change,  namely,  the  conversion  of  lactic  acid  into  glucose,  was 
proved  to  occur  in  the  diabetic  organism  by  Mandel  and  Lusk.^ 
We  may  therefore  represent  the  change  as  follows: 

C«H»0.  5F±  2  C,H.O, 
It  is  generally  conceded  that  the  change  represented  above  cannot 

^  We  shall  present  the  experimental  details  in  a  paper  to  be  published 
immediately. 
2  Embden  and  Kraus:  Biochem.  Zettschr.^  xlv,  p.  1,  1912. 
» This  Journal f  »,  p.  361,  1912,  fimd  later  papers. 
*  Amer.  Journ.  of  Physiol. ,  xvi,  p.  129,  1906. 
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be  direct  but  that  intermediate  products  must  take  part  in  the 
reaction.  Embden  and  his  co-workers  have  considered  the  pom- 
bility  of  the  formation  of  lactic  acid  from  glyceric  aldehyde  and 
from  dihydroxyacetone  and  have  been  able  actually  to  demonstrate 
lactic  acid  production  from  these  substances  in  the  liver.  On  the 
other  hand  we  have  occupied  ourselves  with  experiments  concern- 
ing the  possibility  of  lactic  acid  formation  from  methyl  glyoxal 
and  Levene  and  Meyer  from  their  work  on  the  action  of  leucocytes 
on  sugars  have  been  led  to  the  same  consideration.  The  possibil- 
ity of  methyl  glyoxal  being  formed  from  glucose  followed  bom 
Pinkus^*  observation  of  the  formation  of  methyl  glyoxal  diphaaj-l- 
hydrazone  on  treating  glucose  with  caustic  soda  in  the  presence  of 
phenylhydrazine.  The  conditions  of  this  experiment  do  not  of 
course  preclude  complicated  rearrangements,  but  recently  we  have 
been  able  to  demonstrate  the  presence  of  methyl  glyoxal  in  distil- 
lates obtained  from  the  simple  treatment  of  glucose  with  sodium 
phosphate  solution.  Moreover,  Nef  held  the  view  that  methyl 
glyoxal  was  the  precursor  of  lactic  acid  in  biochemical  reactions,* 
although  he  apparently  abandoned  this  idea  later.^ 

We  ^  have  shown  that  small  amounts  of  tissue  extracts,  acting 
under  suitable  conditions,  may  transform  almost  quantitatively 
many  grams  of  methyl  glyoxal  into  lactic  acid  in  the  course  of 
a  few  minutes,  so  that  no  question  of  possible  bacterial  action 
need  be  considered.  We  have  further  shown  that  blood  cells  effect 
the  same  change,  and  that  the  active  agent  is  an  enzyme  which 
is  active  in  the  intact  animal.  The  enzj^mes  we  have  named 
''Glyoxalase." 

Since  then  we  have  been  able  to  show  the  formation  of  abun- 
dance of  lactic  acid  on  perfusing  a  surviving  liver  with  blood  con- 
taining methyl  glyoxal.  It  is  a  noteworthy  fact  that  in  even^ 
case  we  have  obtained  a  mixture  of  d  and  I  forms  of  lactic  acid, 
and,  as  in  our  previous  paper,  we  are  inclined  to  believe  in  the  pres- 
ence of  more  than  one  enzyme  of  the  type  of  glyoxalase.^    Later  in 

^  Ber.  d.  deutsch.  chem.  Gesellsch.,  xxxi,  p.  31,  1898. 

^  Liebig^s  Afinalen,  cccxxxv,  p.  279,  1904. 

7  Ibid,,  ccclvii,  p.  305,  1907. 

®  This  Journalj  xiv,  p.  155,  1913. 

•  It  is  noteworthy  that  Embden,  Baldes*and  Schmitz  obtained  mixtures  of 
I  and  d  lactic  acid  from  glyceric  aldehyde:  Biochem.  ZeiUchr.j  xlv,  p.  1<^ 
1912. 


H.  D.  Dakin  and  H.  W.  Dudley  557 

this  paper  evidence  will  be  adduced  showing  that  many  glyoxals 
other  than  methyl  glyoxal  may  be  derived  from  amino-acids  so 
that  it  is  probable  that  separate  catalysts  of  the  type  of  glyoxalase 
may  be  concerned  in  their  metabolism.  It  should  be  noted  how- 
ever that  in  continuation  of  their  previous  work  Levene  and  Meyer 
have  succeeded  in  showing  that  leucocjrtes  and  kidney  tissue  may 
convert  methyl  glyoxal  into  lactic  acid  containing  an  excess  of  the 
clextro  component,  i.e.,  the  lactic  acid  commonly  encoimtered  in 
animal  tissues.^® 

Finally  we  have  been  able  to  show  that  methyl  glyoxal  and 
also  I  lactic  acid  when  given  to  the  diabetic  animal  yield  glucose, 
thus  furnishing  another  link  in  the  chain  of  reversible  reactions. 
Whether  methyl  glyoxal  is  converted  into  glyceric  aldehyde  prior 
to  glucose  synthesis  is  at  present  undecided  but  appears  probable. 
There  still  remained  the  question,  can  lactic  acid  yield  methyl 
glyoxal?    While  we  can  hardly  hope  at  present  to  detect  methyl 
glyoxal  in  the  animal  body  we  are  able  as  the  result  of  new  experi- 
ments in  vitro  tq  show  that  this  reaction  is  readily  brought  about. 
In  other  words,  the  conversion  of  methyl  glyoxal  into  lactic  acid  is  a 
reversible  readion,^^    It  is  likely  therefore  that  the  action  of  glyoxa- 
lase is  also  reversible.    We  were  able  to  demonstrate  the  conversion 
of  lactic  acid  into  methyl  glyoxal  by  simple  digestion  of  aqueous 
lactic  acid  at  37°C.  with  nitrophenylhydrazine,  a  substance  which 
forms  an  extremely  insoluble  derivative  with  methyl  glyoxal.^^ 

We  may  therefore  picture  the  relationships  between  glucose, 
methyl  glyoxal  and  lactic  acid  as  in  the  following  scheme: 

CeHuOe  ^  CH,  CO  CHO  ^  CH,  CHOH  •  COOH 

But  other  substances  than  lactic  acid  have  close  metabolic  rela- 
tionships with   glucose.     Experiments  upon  glycosuric   animals 

*°  This  Journaly  p.  551,  1913.  Since  the  appearance  of  our  first  communi- 
cation on  glyoxalase,  an  undated  paper  by  Neuberg  has  appeared  (Biochem. 
Ztitschr.,  xlix,  p.  502,  1913)  in  which  the  conversion  of  methyl  glyoxal  into 
lactic  acid  is  described.  Apparently  Neuberg  was  unaware  of  our  earlier 
work. 

»Cf.  Proc.  Chem.  Soc,  1913,  No.  130. 

"  In  addition  to  methyl  glyoxal-dinitrophenylhydrazone,  ct-nitrophenyl- 
hydrazino-propionic  acid  and  the  nitrophenylhydrazone  of  pyruvic  acid  are 
formed.    Their  separation  however  is  easy. 
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*-oifdally  by  Lusk  and  Ringer,  and  later  by  one  of  us"  have  shown 
•-zi^z  many  amino-acids  are  apparently  readily  converted  into 
riucose.  In  a  recent  paper  it  was  suggested  that  methyl  ^yoxal 
Slight  be  an  intermediate  product  in  some  cases  at  least.  We 
have  now  obtained  very  definite  evidence  concerning  a  possible 
mode  of  conversion  of  an  amino-ftcid  such  as  alanine  into  sugar. 

Every  oramino-acid  we  have  thus  far  examined^  has  furnished 
evidence  that  it  may  undergo  dissociation  to  a  limited  extent  at  low 
temperatures  in  feebly  add  solution  with  formation  of  a-ketonic  alde- 
hydes and  ammonia. 

RCHNHiCOOH-*  R  CO  CHO  +  NH, 

The  demonstration  of  this  reaction  was  only  rendered  possible 
by  the  use  of  a  substance  such  as  nitrophenylhydrazine  which 
would  remove  the  ketonic  aldehyde  from  the  reacting  medium  as 
quickly  as  it  was  formed.  It  is  an  extremely  easy  matter  to  pre- 
pare methyl  glyoxal-dinitrophenylhydrazone  from  alanine  on  digest- 
ing it  at  low  temperatures  with  nitrophenylhydrazine,  preferaWj 
in  the  presence  of  a  little  acetic  acid.  There  is  little  doubt  that  the 
reaction  is  reversible,  so  that  we  are  now  in  a  position  for  the  fin* 
time  to  construct  an  approximate  though  doubtless  incomplete 
scheme  for  the  interconversion  of  alanine,  lactic  acid,  methyl 
glyoxal  and  glucose  by  a  series  of  reactions  only  involving  the  addi- 
tion or  removal  of  water  or  ammonia. 

Glycogen 


1 


Glucose 
(CeHijOe) 


1 


Lactic  acid        *       >        Methyl  glyoxal        <       '        Alanine 
(CHs  •  CHOH  .  COOH)  (CH3  •  CO  -  CHO)        (CH3  •  CH  •  XH,  COOHV 


^^  This  Journal,  xiv,  p.  321,  1913;  Zeitachr.  /.  phy^oL  Chem.,  Ixvi,  p.  106, 
1910. 

^*  Including  glycine,  alanine,  valine,  leucine,  aspartic  acid  and  phenyl- 
alanine. The  reaction  in  the  case  of  glutamic  acid  is  complicated  by  the 
fact  that,  as  expected,  one  of  its  two  carboxyl  groups  is  retained  and  the 
product  is  relatively  soluble. 
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The  above  scheme  isof  interest  in  connection  with  the  mechanisms 

for   the  maintenance  of  approximate  neutrality  in  living  cells. 

It  should  be  noted  that  alanine  may  be  converted  into  "neutral" 

methyl  glyoxal  with  liberation  of  alkaline  anmionia,  while  the  methyl 

glyoxal  in  turn  may  be  converted  into  acid  lactic  acid  by  imion  with 

water.    Furthermore  we  have  found  by  experiments  in  vitro  that 

the  production  of  lactic  acid  from  methyl  glyoxal  is  promptly 

checked  unless  provision  is  made  for  the  neutralization  of  the  free 

acid.    In  addition  we  find  that  the  conversion  of  alanine  into 

methyl  glyoxal  and  ammonia  is  greatly  accelerated  by  acids.    Thus 

it  is  clear  that  we  are  dealing  with  an  exquisitely  delicately  adjusted 

condition  of  equilibrium  provided  with  automatic  checks  guarding 

against  undue  development  of  either  acid  or  alkali. 

The  demonstration  of  the  conversion  of  amino-acids  into  a-ke- 
tonic  aldehydes  seems  to  us  to  be  of  importance  in  many  connec- 
tions. It  appears  probable  that  a-keionic  aldehydes  may  represent 
the  first  step  in  the  metabolism  of  amiruhadds.  This  hypothesis  fur- 
nishes a  reasonable  explanation  of  the  mechanism  of  the  conver- 
sion of  a-amino-acids  into  a-ketonic  acids,  a  reaction  so  clearly 
demonstrated,  to  occur  in  the  animal  organism  by  Neubauer,^* 
and  later  by  Knoop.  It  is  only  necessary  to  assume  the  formation 
of  the  corresponding  a-ketonic  aldehyde  from  the  amino-acid  and 
oxidation  of  the  former.  Thus  we  have  observed  the  formation 
of  phenyl  glyoxylic  acid  on  perfusing  a  liver  with  blood  containing 
phenyl  glyoxal. 

RCHNHj.COOH  ->  NH3  +  RCOCHO  ->  RCOCOOH 

Furthermore  it  shows  why  the  corresponding  hydroxy-acids  are 
not  obligate  steps  in  the  catabolism  of  amino-acids,  for  it  is  known, 
for  example,  that  a-hydroxy-phenylpropionic  acid  is  relatively 
resistant  to  change  in  the  body,  while  phenylalanine  and  phenyl- 
pyruvic  acid  are  readily  oxidized. 

In  addition  it  indicates  a  probable  mode  of  synthesis  of  amino- 
acids  in  living  cells  from  nitrogen-free  ketonic  aldehydes  and 
ammonia.^*    Thus  it  is  known  that  lactic  acid  and  alanine  are  inter- 

^5  Deutsch.  Arch.f,  klin.  Med.,  xcv,  p.  211, 1909;  ZeiUchr.f.  physioL  Chem.^ 
Ixvij,  p.  489,  1910;  Ixxi,  p.  153,  1911. 
"  We  are  at  present  engaged  on  investigations  of  this  character. 
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convertible  in  the  animal  body.^'  The  scheme  on  p.  558  clearly 
indicates  a  probable  mechanism  for  the  reaction. 

The  formation  of  a-ketonic  aldehydes  from  aroino-acids  has 
an  mteresting  connection  with  the  synthesis  of  pyrimidine  deriva- 
tives in  the  body,  as  was  pointed  out  in  the  case  of  methyl  glyoxal 
derivable  from  glucose  by  Knoop  and  Windaus. 

Again,  the  formation  of  glucose  from  various  amino-acids  in 
the  diabetic  organism  is  rendered  much  more  intelligible.  The 
conversion  of  alanine  into  glucose  has  already  been  referred  to. 
The  case  of  aspartic  acid  is  particularly  instructive.  Lusk  and 
Ringer  have  shown  that  three  out  of  the  four  carbon  atoms  of  as- 
partic acid  are  convertible  into  glucose,  and  this  is  precisely  what 
would  be  expected  on  the  basis  of /3-ketonic  aldehyde  acid  formation, 
for  the  substance  formed,  being  a  /3-ketonic  acid,  would  undoubt- 
edly lose  carbon  dioxide,  yielding  methyl  glyoxal.  We  have  had 
no  difficulty  in  actually  demonstrating  the  conversion  of  aspartic 
acid  into  a  glyoxal-dinitrophenylhydrazone  in  vitro,  Aspartic 
acid  is  therefore  at  once  brought  into  biochemical  relation  with 
glucose,  lactic  acid  and  alanine. 


COOH 

COOH 

C02 

+ 

CH2 

CH2 

CHs 

— >                     — 

— ^ 

CH .  NH2 

CO 

CO 

COOH  CHO  CHO 

Finally  the  relation  of  a-ketonic  aldehydes  to  alcohol  formation 
from  amino-acids  and  from  sugar  may  be  mentioned.  Buchner 
and  Meisenheimer's  original  experiments  on  the  fermentation  of 
methyl  glyoxal  are  unconvincing  in  the  light  of  present  knowledge, 
since  we  have  shown  that  much  acid  may  be  formed  from  glyoxals 
by  the  action  of  glyoxalase  present  in  the  yeast  cells.  New  experi- 
ments are  undoubtedly  necessary.  In  the  meantime  it  would  seem 
a  more  attractive  hypothesis  to  assume  that  the  conversion  of 
amino-acids  into  alcohols  as  observed  by  Felix  Ehrlich  proceeds 

*^  Neuberg  and  Langstein:  Arch,f,  {Anat.  u.)  Physiol,,  Suppl.  Band,  1903, 
p.  514;  Embden  and  Kraus:  loc.  cit. 
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Dy  way  of  the  ketonic  aldehydes  rather  than  by  the  hydroxy-acids 
Eis  has  been  assumed. 

RCHNHaCOOH  ^  NH,  +  RCOCHO 
RCOtCHO  ^  R.C(OH)  =  CO 
R'C(dk)=CO  +  H2O  =  R.CH2OH  +  COi 

We  are  at  present  engaged  in  testing  this  hypothesis  experimen- 
tally. 

SUMMARY. 

1.  It  is  shown  that  by  a  suitable  choice  of  experimental  condi- 
tions it  is  possible  to  convert  at  low  temperatures  a-amino-  and 
a-hydroxy-acids  into  a-ketonic  aldehydes.  Lactic  acid  and  alanine 
for  example,  yield  methyl  glyoxal. 

2.  Methyl  glyoxal  is  acted  upon  by  enzymes  named  "glyoxa- 
lases,"  present  in  the  animal  body,  with  formation  of  both  d-  and 
i-lactic  acid.  When  given  to  the  glycosuric  animal  methyl  gly- 
oxal and  both  d  and  I  lactic  acids  yield  glucose.  Methyl  glyoxal  is 
believed,  therefore,  to  be  an  intermediate  product  in  the  mutual 
intercon version  of  alanine,  lactic  acid  and  glucose. 

The  relationship  in  the  living  cell  between  alanine,  lactic  acid, 
methyl  glyoxal  and  glucose  is  believed  to  constitute  a  delicately 
adjusted  equilibrium  concerned  with  the  maintenance  of  approx- 
imate neutrality.  The  view  is  advanced  that  a-ketonic  aldehydes 
may  represent  the  first  step  in  the  metabolism  of  amino-acids,  and 
that  the  formation  of  these  substances  furnishes  an  adequate 
explanation  of  the  origin  of  a-ketonic  acids  from  a-amino-acids. 
Furthermore  it  affords  an  explanation  of  the  fact  that  a-hydroxy- 
acids  are  not  obligate  steps  in  the  catabolism  of  most  a-amino- 
acids. 

The  relation  of  a-ketonic  aldehyde  formation  is  discussed  in  con- 
nection with  the  mechanism  of  glucose  production  in  the  glyco- 
suric animal,  with  the  synthesis  of  pyrimidine  derivatives,  and  in 
connection  with  the  mechanism  of  alcoholic  fermentation. 
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